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COMPLETE CONTROL AT MINNEQUA WORKS 
RAISES EVAPORATION RATIO FROM .486 
TO .593 POUNDS PER CUBIC FOOT OF GAS 


@ Late in 1938 The Colorado Fuel and Iron Co. installed ordered for ten more boilers. 


Bailey Meter Control on one boiler. Satisfactory results The installation of COMPLETE Combustion Control 


obtained from this first test installation were respon- which: (1) Automatically maintains desired steam 


sible for the installation of Bailey Meter Control on pressure; (2) Automatically maintains most economical 
four additional boilers during the early part of 1939. fuel—air ratio; (3) Automatically maintains the 
At the end of 1939, a comparison of evaporation division of load between boilers; (4) Automatically 
ratios obtained with and without automatic control maintains desired furnace draft; is one of the few 
indicated that Bailey Meter Control had increased “high return’ investments open to your company 
this figure from .486 to .593 pounds per cubic foot today. Send for your copy of Bulletin No. 102-E 
of natural gas. This increase represents a rate of describing Bailey Meter Contrcl. 

fuel saving sufficient to pay off the entire cost of the 

Bailey Meter Control in six months. BAILEY METER COMPANY 


Les 
1026 IVANHOE ROAD « CLEVELAND, OHIO 4 % 
Because of these results, Bailey Meter Control was Bailey Meter Company Limited, Montreal, Canada A60-1A 
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The Complete Combustion Control Systen: 


BOILER METERS © MULTI-POINTER GAGES © FLUID METERS © RECORDERS @ SUPERHEAT CONTROL © DESUPERHEAT CONTROL © COMBUSTION CONTROL @ FEED WATER CONT 
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Engineers and Machines Against Time—Cylinder Barrels in Production at 
Wright Aeronautical Corporation 











VOLUME 63 


No. 3 


MECHANICAL 
ENGINEERING 


Marcu 


1941 


GEORGE A. STETSON, Editor 


Task for Engzneers 


PEAKING at a Newcomen dinner in New York on 

February 13, the Right Reverend Frank W. Sterrett, 
the Bishop of Bethlehem, American chaplain of The 
Newcomen Society of England, concluded his address 
with these words: 


I personally see in the not distant future as essential to a 
healthy civilization some kind of federation of free world 
states, independent, vigorous, yet working together under just 
law adequately enforced and sacrificing only the degree of 
sovereignty necessary to maintenance of the common good. 
But to bring to pass such a dominance in our world of men of 
good will we shall need the engineer with his deserved reputa- 
tion for practical common sense and his testimony that the 
plan is workable. It will be a big construction problem, per- 
haps the most difficult so far undertaken, but we believe it can 
be done. 

Many a battle has been lost because men lacked confidence in 
the outcome. That has not been characteristic of the engineer. 
He is accustomed to face hard tasks demanding his best. The 
rebuilding and the restoring of an ordered world present such a 
problem. Some of us will have a part in it; but we all can 
help by keeping clearly before us an understanding of a worth- 
while purpose and faith in its conclusion. In such a view, it 
seems to me there is a continuing place of dignity for the engi- 
neer of tomorrow 


In these words Bishop Sterrett voiced a faith in the 
engineer and his ability that is being expressed more and 
more commonly in recent years. Whether such faith is 
justified, the engineer will have to examine his heart and 
his works to discover. But certain it is that the oppor- 
tunity for service exists and the responsibility for meet- 
ing it is a challenge. 


Engineers Have a Method 


W? Y is faith in the engineer being voiced by an in- 
creasing number of earnest men? The answer lies 
in the fact that faith in the engineer has been demonstrated 
in the past by his works. Systems of government have 
failed; political, social, and economic nostrums have been 
shown to be false or imperfect; creeds have collapsed. 
Faith is destroyed because the substance of faith is found 
to be hollow. But the faith of the engineer is in truth. 


The failure of a supposed truth does not destroy the 
engineer's faith in truth itself, even if a particular facet 
of truth is unseen or obscure. The great triumph of science 
and engineering has been this substitution of fundamental 
truth itself, with all that acceptance of truth implies, for 
dogma, either privately held or imposed by authority. 
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In addition to their faith, engineers share with scien- 
tists a method of searching for truth where it may be 
found. This involves a patient objective assembly of 
facts, the exercise of controls to avoid false conclusions, 
and a building up of the facts thus ascertained into a body 
of knowledge which organized human effort can apply 
to what are believed to be useful ends. Where exten- 
sion of the method is most needed is in the minds of com- 
mon people to the end that their social, economic, and 
political relationships and organizations may be as in- 
telligently planned, constructed, and operated as are the 
technological and scientific triumphs of a_ physical 
nature. Engineers can assist in the popularization of 
their method. 

In his broadcast of February 9, Winston Churchill 
directed attention once more to the fact that the war in 
Europe was a contest of machines—the navy, the air- 
force, the tank corps. Behind these machines are the 
vast organizations of men who plan, produce, and main- 
tain them, the realm in which the engineer is so strategi- 
cally placed. In this realm the engineer had his origin. 
So closely identified with it was he that the term ‘‘civil 
engineer’’ was used to designate the man engaged in 
peacetime, rather than wartime, pursuits. For several 
generations, fortunately, the engineer’s greatest work has 
been directed to the ends of peaceful civil life, and not 
the ends of war. And now that a considerable portion 
of the engineering talent of the world is engaged in war 
and defense activities, hope arises in the minds of men 
that the engineer will be prepared and competent to take 
on enlarged duties in the years of economic, social, and 
political turbulence that are likely to follow the present 
war. In the conversion of this hope into a reality, 
Bishop Sterrett and other thoughtful men are putting 
their faith in the engineer. The engineer must not fail. 


Plans for Action 


ORTUNATE it is for the world that there are men of 

influence and vigor who experienced the World War 
and the depression which followed. For them, both were 
realities. For many of them the lessons of three decades 
have not been lost. Thus W. L. Batt, at present engaged 
in the Office of Production Management, in an address 
before the A.S.M.E. last December, called for the crea- 
tion of ‘‘a small group of the ablest men in the country,’ 
who could be “‘set off in a corner by themselves, in- 
structed to forget all about the immediate problems of 
procuring war material, except as it affects future na- 
tional economy,’’ and who should ‘‘set to work now on 
an industrial demobilization plan.’’ Mr. Batt’s address, 
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which was published under the title 
Darkly,” 


ING, 


‘Through a Glass, 
in the January issue of MecHaNicaL ENGINEER- 
has struck a sympathetic chord in the minds of 
engineers and is leading them to re-examine their duties 
as engineers and citizens in the extension of their func- 
tions into the field of economic control that the suggested 
industrial demobilization plan calls for. 

What Mr. Batt put into simple words as a call for in- 
telligent planning is engaging the minds of scientists, 
economists, engineers, and laymen. On page 216 of this 
issue will be found a brief abstract of an analysis of the 
situation created by the war issued by The Brookings 
Institution under the authorship of an eminent economist, 
Harold G. Moulton. An equally eminent industrialist, 
Charles E. Wilson, president of the General Electric 
Company, provided a “‘blueprint’’ for industry in an 
address at the recent Winter Convention of the American 
Institute of Electrical Engineers. Mr. Wilson divided 
the future course of economic events into overlapping 
periods whose approach would be heralded by certain 
values of the Federal Reserve Board's index of produc- 
tion, unadjusted, and laid out appropriate steps to take. 

Regardless of how universally Mr. Wilson's blueprint 
is accepted, it is heartening to discover that a man of his 
position has carried his thinking realistically into the 
troubled area of the immediate future. It is significant 
also that both Mr. Batt and Mr. Wilson delivered their 
addresses before engineering societies. It marks engi- 
neering societies as fertile ground for the seeds of recon- 
struction which must be planted now if the harvest of 
an effective demobilization plan is to be ready when the 
unpredictable hour of the ending of hostilities finally 
strikes. By such evidence as this the faith of the world 
in the engineer is being justified bit by bit. 

‘For the benefit of mankind’’ was the objective that 
Tredgold set for the services of engineers in his famous 
definition. For generations it was the physical forces of 
nature directed toward the construction and production 
of physical things that concerned the engineer. The 
world needed them. But in providing them the engineer 
mastered the technique of production of energy, mate- 
rials, and goods. Doing this he found a wide field for his 
services, greater satisfaction, and larger remuneration 
because he handled men. Young as this technique is, to 
its development the engineer brings to bear his effective 
objective method, based on the harmony of ultimate 
truth. The world needs this technique desperately to- 
day. If the engineer can convince his fellows to adopt 
his method in the field of human relationships, the high 
hopes of Bishop Sterrett will be on the road to realization. 


Admiral Cone 


N February 12, at Orlando, Fla., Admiral Hutchin- 
son I. Cone, honorary member A.S.M.E., and 
member since 1910, died of a heart ailment at the age 
of 69. Retired in 1922, Admiral Cone supplemented 


his active career in the Navy with various assignments 
in official and industrial life for which his naval career 
At the time of his death he 


had laid the foundation. 
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was serving as chairman of the board of Moore and 
McCormack Co., Inc 

Admiral Cone first attracted general notice as fleet 
engineer when the whole Navy went around the world 
in 1908-1909, during Theodore Roosevelt’s administra- 
tion. This bold venture was a success because Cone 
had so organized the continuous inspection and main- 
tenance of machinery and power plants afloat that the 
fleet functioned perfectly at great distances from navy 
yards and repair bases. He was given full credit for 
this engineering feat that made the modern steam Navy 
‘“as seagoing as the old sailing frigates.”’ 

His achievement led, on May 2, 1909, to his appoint- 
ment by the President as engineer in chief and chief of 
the Bureau of Steam Engineering with the rank of rear 
admiral although only a lieutenant commander. At the 
age of 38 he was the youngest man ever to be selected 
for this highly important task or responsibility as head 
of any naval bureau. As engineer in chief, he consoli- 
dated the scheme of fleet maintenance, influenced design 
and construction of machinery to support it, and estab- 
lished a fixed engineering policy which is followed 
today. During his period of service two outstanding 
developments began, namely, the change from coal 
burning to oil burning in naval vessels and investiga- 
tions which led to the adoption of electric drive for naval 
vessels. The Bureau of Steam Engineering under his 
guidance kept to the forefront in engineering progress, 
particularly along electrical lines and the development 
of efficient propellers. 

During the war Cone was called by Admiral Sims to 
take command of all U. S. Naval Aviation Forces in 
Europe. By sound engineering planning and adminis- 
tration Cone brought these forces to an excellent stand- 
ard of equipment and training for the performance of 
extremely useful service. 

Cone retired from the Navy in 1922 with the rank of 
rear admiral and after a short period with the Panama 
Railroad Steamship Line in 1924 and 1925 served as vice- 
president and general manager of the U. S. Shipping 
Board Emergency Fleet Corporation. 

In 1926 and 1927, Admiral Cone served as vice-presi- 
dent and treasurer of the Daniel Guggenheim Fund for 
Promotion of Aeronautics. In this capacity, he directed 
the disbursement of $5,000,000 with excellent results 
in the advancement of aeronautic science and in improved 
public understanding of the possibilities of aviation in 
commercial transport. 

In 1928, he returned to the Shipping Board as com- 
missioner, resigning in March, 1935. He proposed 
program of engineering development and secured appro- 
priations therefor from Congress. This led to a series 
of investigations of new and improved methods of ship- 
building and propulsion. Model-basin experiments in- 
cluded propeller research and studies of hull forms 
Tests of ships for comparison with model performance 
were made. Experiments into the possibilities of in- 
creasing speed and efficiency of existing ships were con- 
ducted. The data secured in these tests were made 
available so that Admiral Taylor's ‘‘Speed and Power 
of Ships’’ could be brought up to date and published. 
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AIRCRAFT ENGINES 


NEW PRODUCTION LINES 
for AIRCRAFT ENGINES 


By R. F. GAGG 


WRIGHT AERONAUTICAL CORPORATION, PATERSON, N. J 


APID acceleration in the growth of the aircraft-manufac- 
turing industry resulting from the national-defense pro- 
gram has presented at one time a series of new manufac- 

turing problems such as would ordinarily be encountered in the 
course of more normal industrial growth over a period of several] 
years. Fortunately, the production men in this industry are 
prepared for the necessary changes in process required by the 
expanded production program. They have always adopted 
every new manufacturing development which promised im- 
provement in the quality of their product. This constant seek- 
ing for higher quality has kept them in close contact with the 
machine-tool builders, and therefore abreast of new develop- 
ments in the principal manufacturing industries. 

The most urgent of our current problems is the requirement 
tor the feasible maximum of production. When all demands for 
production are counted, engine output appears to be limited 
principally by the capacity of management and trained person- 
nel to take the punishment imposed by the program. When 
plans now under way are completed, the combined output of the 
American aircraft-engine industry, as reported in the press, will 
approximate 15 times its capacity as of the summer of 1939. 

The basic problem of increasing production is presented with 


Contributed by the Aeronautic Division and presented at the Annual 
Meeting, New York, N. Y., Dec. 2-6, 1940, of Te American Society 
or Mecnanicat Enoinegrs. In presenting the paper, the author di- 


gressed from the text to illustrate current trends in the manufacture of 
aircraft engines and showed a motion picture of actual machine-shop 
Practice 
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a corollary demand that there shall be no sacrifice in the tech- 
nical performance and durability of the product. Less than a 
year ago it was a popular notion that most of the fussy require- 
ments for fine workmanship in the aircraft engine could be dis- 
carded in any program calling for really high production. It is 
now more generally realized that even aircraft destined only for 
wartime combat service must be dependable in the highest prac- 
ticable degree. Frequent need for repair under conditions 
where repairs are virtually impossible has amply demonstrated 
that the most useful airplane is the one which can be depended 
upon to perform its mission repeatedly under difficult operating 
conditions far from adequate service facilities. Reports from 
both sides of the current combat show that military aircraft 
frequently run through several overhaul periods before being 
lost in action. Only those items of ‘‘quality’’ which have an 
effect primarily on appearance of the product rather than upon 
its durability should be sacrificed to speed production. It was 
also popularly supposed that reductions in technical perform- 
ance would be permissible in wartime, but experience has amply 
demonstrated that a small margin of superior performance is 
frequently a major factor in maintaining supremacy in the air. 
This therefore leaves the engine builder with no alternative 
except to produce an engine of the maximum durability com- 
bined with the highest degree of performance which the state 
of his art permits 

In addition to facing the necessity for an extraordinary ex- 
pansion without sacrifice in quality of product, the production 
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man must decide what changes in the manufacturing process 
are justified to accelerate production and reduce the man-power 
requirements of the factory. The powerful urge to adopt new 
processes better adapted to line-production requirements than 
was the equipment used under previous circumstances must be 
tempered by the fact that any disruption in the schedule re- 
sulting from such changes will bear painful penalties. 

Having thus reviewed briefly the problems facing the pro- 
duction organization, we shall now look at what is actually 
happening to the factory. 


FOUR METHODS OF DESIGNING PLANTS FOR INCREASED CAPACITY 


All engine manufacturers are enlarging the capacity of their 
base plants by rearranging to accommodate new machine tools 
and by additions to plant structure. The Pratt and Whitney 
aircraft-engine plant at East Hartford has been increased to 
several times its original size, and is an excellent illustration of 
expansion by multiplication of substantially similar manufac- 
turing process units. This procedure has some basic advan- 
tages: It does not require drastic changes in process tools; 
it is relatively free of the risk of the production troubles which 
always follow introduction of new methods; and it utilizes 
the established skill and experience of factory personnel with- 
out disruption in the established system of operation. It also 
has a major advantage in that the same step-by-step changes 
can be followed in the reverse order if and when it becomes nec- 
essary to contract the volume of manufacturing operations. 
The separate but similar units of manufacturing capacity can 
be used or closed as necessary, without drastic effect on the 
capacity or utility of the remainder of the plant. 

The Wright Aeronautical Corporation has not expanded its 
base plant capacity by multiplication of nearly similar manu- 
facturing units in the manner adopted by the Pratt and Whitney 
Aircraft Co. The Wright plant has been expanded as a single 
process unit by enlarging each general type of manufacturing op- 
eration and by changing the equipment used to suit the larger 
job. This does not imply abandonment of the original equip- 
ment, because all of it can be used economically in the smaller 
job-lot operations which must be carried on together with the 
large defense-program orders in order to take care of demands 
for parts and obsolescent equipment which are always present 
to plague the production men. The plan for expanding facili- 
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ties followed by Wright has 
the marked advantage that 
operations methods best 
adapted to a larger manufac- 
turing volume can be utilized, 
thus saving space and man 
power. Such changes in manu- 
facturing methods carry with 
them attendant troubles in 
personne] training and super 
vision, but the plan is sound 
because the current job is basi- 
cally different from the engine 
builders’ task in 1938. If 
acute contraction in volume 
of manufacturing operations 
follows the current expansion, 
the single-unit unified plant 
will have tobe dismembered to 
provide material for a smaller 
scale of operations, as it ob- 
A viously cannot be operated in 
sections. 

A more completely inte- 
grated manufacturing unit 
being built by Wright is to be operated as a subsidiary factory 
at Cincinnati. This is different from the two plants previously 
mentioned in that it is designed to fabricate only one type of en 
gine in relatively large volume, and it is therefore laid out for 
line production and incorporates a maximum of mass-production 
methods. It is by far the largest production job yet planned in 
the United States for the manufacture of a single type of air 
craft engine. In it are incorporated many changes in process 
which promise considerable increases in productivity, and yet 
appear reasonably certain of producing satisfactory results 
While it is a single-purpose plant, it has been designed so that 
it can readily be converted to other uses should occasion require 

A fourth type of expansion in capacity.for production of air 
craft engines is being provided by licensees such as the Ford 
Motor Company, who are building a fine new plant for manu 
facture of a Pratt and Whitney engine. All of the engineering 
and production experience of the licensor is made available to 
the new plant, including all details of operations and tooling 
This is subject to searching scrutiny by the licensee, who is free 
to make such changes in process as he may believe are desirable 
This kind of arrangement provides a fine opportunity to utilize 
the methods and experience of the automotive industry in the 
production of a standardized aircraft engine in a modern plant 
designed for that specific purpose. The long-standing desire to 
wed the skills of these two industries will at last be accom 
plished. The results will undoubtedly astonish all concerned. 

The automotive industry is also undertaking to fabricate a 
large volume of parts and subassemblies for aircraft engines. 
This involves close cooperation between the two industries, 
and the automotive-production men, after a careful study of the 
aircraft-engine manufacturers’ operations, have in most cases 
endorsed and adopted the latter’s basic plan of procedure. This 
is a real tribute to the aircraft-production men who selected the 
tools and methods for the job in hand. A goodly fraction of 
the able personnel in both industries have long cooperated with 
their mutual aid, the machine-tool builders, in process de 
velopment. It is no surprise to either group to find themselves 
in general agreement on the methods to be used in a specific 
production problem. The loose talk of revolutionary changes 
following contact between automotive- and aircraft-engine 
production staffs has disappeared as thin wind, but this does 
not mean that real and substantial improvements will not result 
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from present closer contacts. 

Every factory jobhasat least 
one knotty problem, and the 
manufacture of aircraft engines 
is fully laden with its share 
of production troubles. The 
need for practically 100 per 
cent uniformity follows di- 
rectly from obvious safety 
requirements and the incessant 
cry for less weight and more 
power output. This triangu- 
lar demand provides plenty of 
trouble in the fabrication of 
propeller drive gears. The 
best designs involve multiple- 
contact gearing and high unit 
loads on contact surfaces. 
This practice is permissible 
only if all parts are made with 
high-strength materials, and 
hardened contact surfaces, as 
well as extremely uniform di- 
mensions and surface finish. 
This combination excludes 
the use of shaving as a finishing process, forcing the use of 
slower and more expensive gear grinding. This is a typical 
example of the kind of problem which prevents the adop- 
tion of all mass-production methods which have proved suit- 
able in other fields. 


SOME AIRCRAFT-ENGINE PRODUCTION FIGURES 


A better idea of the improvements effected by the introduc- 
tion of high-production machine tools and proper planning may 
be had by quoting actual figures. The master connecting rod 
of one radial engine, for example, has not recently been altered 
in design in any manner which might tend to simplify produc- 
tion; nevertheless, the production time on this part has been 
reduced from 32 to 20 hr within a period of one year, entirely 
by the use of new equipment and careful operation planning 
adapted to a larger production schedule. 

Another example of savings effected by use of line-production 
equipment is the case of cylinder painting. One man could pro- 
duce 10 cylinders per shift by using manually controlled spray 
equipment. In the same time, 6 men now produce 200 cylinders 
with a semiautomatic machine, a reduction of 70 per cent in the 
labor required per unit. 

An aluminum crankcase weighing 90 lb, used in a 1000-hp 
engine, was produced in a total time of 29 hr. It was replaced, 
to improve durability, with a steel crankcase, weight 125 lb, 
production time, 142 hr. This sacrifice in cost and weight was 
painful but necessary to maintain a high standard of safety. 
Thanks to cooperation between designers and production men, 
and with help from a larger schedule, an improved type of steel 
crankcase for the same engine was reduced to 90.5 lb weight, 
and is produced on improved tools in only 58 hr. The engine 
power output has also been increased by 20 per cent, a level 
scarcely possible with the previous material. The net result 
is a more durable product, and some saving in weight per unit 
of power output, but a moderate increase in unit cost. Some 
may say that the increased cost is inadmissible, but it should 
also be observed that American aircraft-engine prices (9 to 11 
dollars per hp) are lower than for other comparable products. 

In the last year, in a period wherein actual engine production 
was approximately trebled, substantial reductions were made 
in the man-hours required for the production of a group of im- 
portant subassemblies in the Cyclone 9 engine. For this group 
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of parts, the machining time was reduced 24 per cent, and the 
foundry time, 12 per cent. For similar parts of the Cyclone 
14 engine, the shop time was reduced 26 per cent, and the 
foundry time, 10 per cent. Some of these savings may be at- 
tributed to minor simplification in design and finish require- 
ments, but by far the greater part is credited to careful produc- 
tion planning and utilization of the latest developments in 
machine tools. As production increases, the lot sizes will also 
increase with a corresponding reduction in set-up time required. 
It is anticipated that an additional saving of about 5 per cent 
in machine time will result. 

These savings were effected during a period in which 3000 
unskilled men were given a short course of training and ab- 
sorbed in the shop force. When they attain a full measure of 
productive skill, results will naturally improve further. 

All these encouraging results have not been attained without 
paying a substantial toll in other ways. Shop scrap has in- 
creased by 25 per cent, and personnel training costs are a large 
sum. Other similar items make an imposing total, but the net 
result is that the job assigned is being accomplished nearly as 
scheduled and at a cost which can reasonably be justitied by cur- 
rent circumstances. 

This discussion has covered the outlines of the current prob- 
lem of multiplying production output without sacrificing the 
durability and technical performance characteristics of our air- 
craft engines. It has reviewed the methods followed by various 
agencies to increase productive capacity and the fine coopera- 
tion between the automotive, aircraft, and machine-tool in 
dustries in adapting existing methods to a new production job 
The results now becoming visible show gratifying progress in 
larger production volume and increased productivity per man 
hour of employment. Technicians, supervisors, and factory 
workers are all pulling together to reach production peaks, 
but there are many serious problems yet to be solved. 

All our efforts toward increased productivity and a better 
product will be lost unless we can effect over-all economies so 
as to permit us to compete effectively in postwar commerce. 
American leadership in aircraft transportation will depend on 
our ability to manage this young giant we are creating. Prop- 
erly directed, it may secure for the aircraft industry a position 
analogous to that of our automotive industry in its field. Our 
obligations are manifest. 











Application of PHENOLIC ASBESTOS 


COMPOSITIONS zz CHEMICAL 


HENOLIC resins have long been known to possess good 
resistance to corrosion, especially acid corrosion. In 
the early days, however, application of phenolic resins 

to corrosion problems was limited because the process of mold- 
ing restricted the user either to simple shapes, like sheets, rods, 
and tubes, or to small molded articles which could be produced 
in multiple-cavity molds under heat and pressure, and because 
most of the early fillers—wood flour, cotton, or some other form 
of cellulose—were ultimately affected by the acid. 

The development of full-size commercial equipment awaited 
the discovery of a new molding technic, which consists in the 
loading of a putty-like composition into simple inexpensive 
molds. The process eliminates completely the use of hydraulic 
presses and cumbersome hardened-steel molds which would be 
required to resist the heavy pressure. 

By eliminating the hydraulic press and the need for high pres 
sure, it is possible economically to produce large equipment, 
like cylindrical tanks 9 ft in diameter. Although such a 
process could also be applied to compositions containing cellu- 
lose as a filler, the product would not have the necessary chemi- 
cal resistance to severe corrosion. 
of other fillers was necessary. Asbestos was finally selected for 
this purpose. Asbestos adds to the strength of the composi- 
tion because of its fibrous nature. 

The more common varieties of asbestos are not sufficiently 
acid-resistant, and it is mecessary to use a special asbestos 
which must be digested in acid to remove its soluble elements. 


Consequently, development 


PROPERTIES OF THREE GRADES OF THE MATERIAL 


The phenolic-resin asbestos composition made by the process 
roughly outlined in the foregoing paragraphs is known under 
the trade name Haveg. Three grades of this material are 
available. The first and the most commonly used grade is 
resistant to practically all inorganic acids except oxidizing 
agents like nitric and concentrated sulphuric acid. It is re- 
sistant to most salts, to some of the weaker bases, to chlorine, 
and to many solvents. It is not resistant to oxidizing agents, 
strong bases like sodium hydroxide, or acetone or similar 
solvents. 

The second grade which has a carbonaceous filler instead of 
asbestos is resistant to hydrofluoric acid, and although it is 
also resistant to other acids, its use is usually restricted to fluo- 
rine compounds. 

A third grade, recently developed, is primarily resistant to 
the strong bases like sodium and potassium hydroxide, and 
also to most inorganic acids. It can, therefore, be used in 
either acid or basic equipment 
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All standard grades of the material are resistant physically 
and chemically, up to a temperature of about 265 F. Above 
265 F the application is usually of doubtful value and must be 
tested before adoption. The material is not subject to damage 
from thermal shock, and hence no particular attention has to 
be given to the rapidity of temperature changes. 

The material is supplied in the form of cylindrical, rectangu 
lar, and odd-shaped tanks, pipe, valves and fittings, fume duct, 
fan housings, pumps, drying trays, crystallizers, agitators, tex- 
tile agers, absorption towers, sheets, and many items not so 
easily classified which are generally of cylindrical or rectangular 
shape. Irregular and complicated shapes can be produced, such 
as cone-bottom and round-bottom tanks and tanks containing 
baffles or cells. 

One limitation of the material is size. For instance, in con 
sidering pipe or cylindrical tanks, the largest available diame 
ter is 9 ft. The maximum depth depends on the diameter, 
and is generally about 10 to 12 ft. The limitation in length is 
not particularly important because it is a simple matter to bolt 
together a number of smaller sections to make a deeper tank. 
With rectangular tanks, the same conditions apply. Seamless 
one-piece tanks are restricted to about 10 to 12 ft in length, but 
tanks up to 90 ft long are produced by bolting flanged sections 
together. Such tanks are often required, especially for some 
of the more modern continuous strip pickling processes. 

The material is generally used in stationary equipment. It is 
not usually satisfactory for moving parts, especially if these are 
large. Exceptions are pump impellers, agitators, and tum- 
bling barrels. It can stand shocks or blows, but should not be 
subjected to abusive shock, such as would be encountered, for 
instance, by dropping a load of steel into a pickling tank. 

The resistance of the material to abrasion is fairly good 
The material is actually used for wear plates in certain wire 
pickling processes. Scratches and gouges need cause no concern 
because the material is not a lining but is corrosion-resistant 
throughout its entire mass. Nevertheless, it will not resist for 
long the grinding action of sand particles or the direct impinge 
ment of a high-velocity steam jet. 

The physical-strength properties of the first grade of the 
material are as follows: Tensile strength, 2500 psi; compres- 
sive strength, 10,000 psi; flexural strength, 5000 psi; 
shearing strength, 3500 psi. 

With metals, such short-time strength values would be 
used in design formulas with normal safety factors. With 
this phenolic-resin asbestos material, however, such a pro 
cedure would be not only bad practice but might actually lead 
to an incorrect result, because the material has many of the 
properties of a plastic. A true plastic is permanently deformed 
by load, no matter how slight. A truly elastic material, 
on the other hand, returns to its original dimensions. The 
material under discussion combines these properties. It may 
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FIG. 1 CYLINDRICAL TANKS, 5 FT DIAM, EQUIPPED WITH COVERS 





AND REINFORCED WITH STEEL BANDS 











































FG. 2 


CYLINDRICAL TANKS, 9 FT DIAM, 5 FT DEEP, REINFORCED 
WITH VERTICAL WOOD STAVES AND STEEL HOOPS 


be permanently deformed under loading conditions well within 
the safe limits predicted from the short-time ultimate-strength 
figures. This tendency is noticeable at room temperature and 
becomes marked at 265 F. 

Actual data on the allowable loads under which this perma 
nent deformation is negligible are meager and not reliable for 
practical use. In practice, the condition is met by applying 
external steel or wood reinforcements except where loading 
conditions are well within the proportional limit. 

Wall thicknesses of tanks and similar products made of this 
material are therefore determined more by the necessities and 
conveniences of the molding operation than by the ultimate 
strength of the material. For example, the thinnest wall that 
is practicable is 1/4 in., and the maximum is about 21/2 in. 

The molding process also imposes other limitations. For ex- 
ample sharp angles are to be avoided when possible; and 
where they are essential, an adequate fillet should be provided. 
Similarly, sharp changes in wall thicknesses are bad practice. 
It would not be recommended for instance to mold together a 
tank wall 1!/. in. thick with another wall !/4in. thick. Out- 
lets, pipe connections, and other openings can be provided, 
but the types recommended consist of molded-in nipples or 
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bosses containing inserts for bolting. 
never recommended. 

Completely closed hollow articles cannot be produced, but 
articles which have only one opening can be. In the case of a 
cylindrical tank, for instance, both heads can be molded inte 
grally with the wall provided a manhole is included. 

Complicated internal designs, such as baffles, cells, and coil 
supports, offer no particularly serious problem. Obviously, 
however, the greatest permissible simplicity should be retained 
in the interests of economy. 


Pipe threads are almost 


EXAMPLES OF PHENOLIC-RESIN ASBESTOS COMPOSITION CONSTRUCTION 


Cylindrical Tanks. Tanks can be produced having outside 
diameters up to the 9-ftmaximum. The smallest sizes require 
no external support, which means that stresses are well within 
the proportional limit. Intermediate sizes require support, 
which is provided by the use of simple steel bands, Fig. 1, while 
the largest sizes are equipped with vertical wood staves and 
with steel hoops, Fig. 2. 

Horizontal cylindrical tanks are less common, but can be 
produced. Such tanks have been built to withstand pressure 
up to 15 psi, but are not recommended for use above this 
pressure. Vacuum tanks, up to 4 ft diameter, have been pro 
duced, with the walls reinforced internally by means of molded 
in ribs of the wall material. 

Absorption and scrubbing towers, such as used by the chemi 


FIG. 3 SMALL 


ONE-PIECE RECTANGULAR PICKLING 


TANK WITH 


THREE STEEL SUPPORT RIBS 





LARGE, DEEP, RECTANGULAR TANK WHICH REQUIRED EIGHT 
SUPPORT RIBS 
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cal industry, are essentially deep cylindrical tanks. The design 
is basically the same as that of cylindrical tanks, but usually 
it is Necessary to use two or more sections, bolted together by 
means of split steel angle rings set in slots. A perforated plate 
is usually included to retain the packing, and inlet and outlet 
connections for gas and liquor are usually provided. 

Rectangular Tanks. As in the case of cylindrical tanks, prac- 
tically any size rectangular tank can be produced within the 
maximum. Economy and size standardization are achieved by 
the use of a mold, the exterior parts of which are built of inter- 
changeable 6-in. squares. With this mold, it is possible to 
produce any outside dimension of length, width, or depth, 
provided it is a multiple of 6 in. 

Wall thicknesses of rectangular tanks vary from '/2 to 1 in. 
Shallow tanks (up to 12-18 in.) need no support, but for long 
and relatively deep tanks, a support structure is used to prevent 
permanent deformation. The structure consists of a set of 
steel ribs, bolted around the tank as shown in Figs. 3 and 4. 

One-piece rectangular tanks can be made up to a maximum 
dimension of 10 to 13 ft, depending on the diagonal of the cross 
section. Frequently, however, tanks consider- 
ably longer than this are required, especially 
for continuous pickling service. Such tanks 
are made by bolting several sections together 
by one of several methods. The most common 
method is a simple flange construction as 
shown in Fig. 5. 

Pipe and Fittings. Pipe and fittings made 
of the phenolic-resin asbestos composition de- 
scribed in this paper are available in standard 
sizes ranging from '/, to 12 in., and in 
larger sizes for special applications. For 
connection, a split cast-iron flange is set in a 
tapered slot machined near the end, with a 
gasket between the pipe ends as shown in Fig. 6. 

The wall thicknesses of the pipe are determined mainly by 
manufacturing considerations, and provide for a maximum pres- 
sure of 60 psi. The pipe can be cut to exact length in the field, 
and the ends machined in an ordinary lathe. Valves are made 
with bodies of the phenolic-resin asbestos composition, and 
rubber or composition diaphragms which effectively seal the 
working parts from corrosive liquid. An installation of pip- 
ing and valves of this material is shown in Fig. 7. 

Fume Duct. For handling or disposing of noxious gases and 
acid fumes, light-wall fume duct is available in sizes up to 36 in 


FIG. 6 
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METHOD OF CONNECTING 
PIPE BY MEANS OF SPLIT FLANGE 


MECHANICAL ENGINEERING 


FIG. } FLANGE CONSTRUCTION FOR BOLTING TOGETHER SECTIONS 


OF A LONG, SHALLOW, PICKLING TANK 


This duct is not intended for use where the 
pressure is more than a few inches of water. 
It is usually supplied in a flanged construc 
tion, but can also be made with bell ends. 
With hydrofluoric acid, the second grade 
of the phenolic composition, noted in the early 
portion of this paper, isused. It has about the 
same tensile and transverse strength as the first 
grade, but it has a much lower resistance to 
shock and can be broken by a moderate blow. 
Products made of it are usually limited to 


a maximum dimension of about 4 ft. Up 
to this limit, the wall thicknesses are 50 per 
cent greater than for grade one and the supports are the same. 
Because of its relative fragility, this second grade is practically 
never used except with hydrofluoric acid and related compounds. 

The third grade utilizes a somewhat different type of resin and 


is resistant to strong caustic as well as acids. Its resistance to 
shock is excellent. As compared to grade one, its physical 
strength is somewhat less, however, and it is softer and more 
liable to permanent deformation in the absence of support. 
It is a relatively new development, and up to the present, the 
largest equipment that has been produced from this grade con- 
sists of tanks about 5 ft diameter by 5 ft deep. 
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FIG. 7 INSTALLATION OF 2-IN. AND 
4-IN. PIPE AND VALVES IN A CHEMICAL 


PLANT 





Training for 


NATIONAL DEFENSE 


l—The Problem and How the Government Is Meeting It 


By A. A. 


DEAN OF THE SCHOOLS OF ENGINEERING, PURDUE UNIVERSITY, AND CONSULTANT, l 


E ARE in the throes of organizing an enormous pro- 
gram of national defense, which requires for its effec- 
tiveness large numbers of skilled workers as well as 
engineers who are competent in a wide range of technical and 
managerial services. All facilities must be mobilized to insure 
an adequate defense program, and the needs for technical 
talent must be met by setting up special training programs to 
afford the unemployed and the poorly placed opportunity to 
prepare for maximum usefulness to the nation. 
The defense training program in schools and colleges is either 
vocational training of ‘‘less than college grade"’ or training on 
“the engineering-school level.”’ 


VOCATIONAL TRAINING OF LESS THAN COLLEGE GRADE 


No school can turn out a skilled worker. A good trade or 
vocational course, however, is helpful in reducing the training 
period on the job. For twenty-three years the federal govern- 
ment has cooperated with the various states in the development 
of a nation-wide program of trade and vocational education. 
As a result of this there are available at present in this country 
1053 public vocational and trade schools which employ more 
than 5000 teachers and which have a combined plant valued at 
about one billion dollars. The U. S. Office of Education is the 
regular government agency which is authorized by Congress 
to cooperate with the state vocational boards in vocational 
education programs. On May 29, 1940, the U. S. Commis- 
sioner of Education made a proposa' for utilizing these schools 
for preemployment and for supplementary training of work- 
ers needed in the national-defense program. This has resulted 
in an Act of Congress which appropriated to the U. S. Office 
of Education for payment to the states a sum of $15,000,000 
for a summer and fall training program of ‘‘less than college 
grade."’ This act was signed by President Roosevelt on June 
27, 1940. 

Exactly one month later or on July 27, 1940, more than 
75,000 people, mostly from WPA and unemployed groups, 
were being trained in 41 states, utilizing the shops and other 
existing facilities in schools supported by the public. A total 
of 107,757 persons enrolled during the first two months of opera- 
tion of this type of vocational training. Congress appropriated 
on Oct. 9, 1940, an additional twenty-six million dollars to the 
U. S. Office of Education to be allotted to the state boards for 
vocational education to permit the training during the re- 
mainder of the school year, without interference with the regu- 
lar school programs, of about 500,000 people in skills of special 
value to the national-defense program. This is being accom- 
plished in some localities by operating public trade and voca- 
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tional schools on several shifts. This proposal will afford 
supplementary training for employed workers and retraining 
for unemployed mechanics. 

On Oct. 9, 1940, Congress appropriated, in addition to the 
aforementioned twenty-six million dollars, eight million dol- 
lars for the purchase, rental, or other acquisition of equipment 
for vocational schools and ten million dollars to help equalize 
the opportunities for youth, especially youth in rural areas, 
to prepare them for service in the national-defense program. 
These eighteen million dollars will also be spent under the 
authority of state boards for vocational education. 

The facilities of public trade schools may also be utilized in 
the interest of national defense by improving the skill of those 
enrolled in CCC camps and in NYA. About seventy per cent 
of the 1500 CCC camps are so located that 150,000 enrollees in 
such camps can use vocational-training facilities of public 
schools in near-by cities during the late afternoon and evening. 
The trade skill of 267,000 NYA enrollees can also be increased 
and their chances for employment enhanced by utilizing the 
facilities of public trade schools. On Oct. 9, 1940, Congress 
appropriated 71/2 million dollars to afford vocational and re- 
lated instruction to young people employed on work projects 
of the NYA. 

Thus, on Oct. 9, 1940, Congress appropriated forty-four 
million dollars to be expended for vocational education of less 
than college grade under the authority of the state boards for 
vocational education and 7'/» million for the same purpose for 
the benefit of those on NYA work projects, or a total of 51/2 
million dollars. Adding the fifteen million dollars appropri- 
ated last July, the funds available for vocational education of 
less than college grade for the fiscal year ending June 30, 1941, 
is 661/>. million dollars. 


CIVILIAN-PILOT-TRAINING PROGRAM 


Under the direction and stimulus of the Civil Aeronautics 
Board 11,000 youths were trained during the last year as air- 
plane pilots at 435 universities and colleges. The flight-train- 
ing program which is being continued at more than 500 educa- 
tional institutions during the present year will result in a supply 
of intelligent pilots, an important need for adequate national 
defense. It is expected that about 50,000 pilots will be trained 
at colleges and universities between July 1, 1940, and June 30, 
1941. 


TRAINING BY THE ADVISORY COMMISSION TO 


NATIONAL DEFENSE 


THE COUNCIL OF 


The Advisory Commission to the National Defense Council has 
set up a program of cooperation with defense industries in order 
to increase the effectiveness of their skilled workers and super- 
visory personnel. The Advisory Commission to the National 
Defense Council does not expect to do the actual training but 
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stands ready to aid industries interested in improving their 
training techniques. 


TRAINING ON THE ENGINEERING-SCHOOL LEVEL 


To an extraordinary degree our national-defense program, as 
well as our ability to meet industrial competition, depends upon 
science and technology. There is already an acute shortage of 
technical and supervisory engineering talent in certain of 
the industries concerned with national defense as well as in the 
Army and Navy. The airplane industry reports a definite short- 
age in stress analysts, test engineers, and airplane-power-plant 
designers as well as draftsmen. Thousands of additional engi- 
neers are needed who are competent as designers of tools, dies, 
jigs, templates, as well as in part analysis, shop layout, and 
estimates of labor and materials. Thousands of additional 
inspectors are needed by the Army, Navy, and industry with 
knowledge of materials, physical testing, inspection of foundry 
products for materials used in ordnance, X-ray inspection of 
welded parts, radiographic technique, and other special prob- 
lems. Inspectors are also needed for automotive equipment, 
explosives, and radio equipment. Several hundred additional 
professional meteorologists are needed by the U. S. Weather 
Bureau and by the Army. The Maritime Commission, the 
Navy, and the shipbuilding industry report substantial short- 
ages in naval architects and marine engineers; this shortage 
is particularly serious in that only three engineering schools 
(Massachusetts Institute of Technology, University of Michi- 
gan, and Webb Institute) offer programs of study in this field 
and graduated only 51 this year. 

Besides the needs for thousands of additional engineering 
specialists industry is confronted with a shortage of industrial 
engineers and supervisors to speed up the production of equip- 
ment needed in national defense, engineers who are familiar 
with industrial organization, time and motion study tech- 
niques, production control, materials handling and storage, in 
ventory, budgetary and accounting control, industrial safety, 
personnel administration, and industrial relations. Expanding 
production in some of the defense industries is being accom- 
plished by dilution and overloading of the top management 
organization. 

There are in this country about 165 institutions which offer 
instruction leading to degrees in engineering. Of these 121 
offer one or more curricula approved by the Engineers’ Council 
for Professional Development 

The engineering schools of the country realize that they must 
maintain in the present emergency the strongest possible pro- 
grams of undergraduate and graduate study and must increase 
their research efforts in order to insure a supply of competent 
and creative engineers. At the same time nearly all of these 
engineering schools, including the best known, have offered to 
the .U. S. Office of Education, the regular government agency 
which has cooperated with higher education for many years, 
fullest cooperation in the training for national defense. 

It is impractical to speed up the present undergraduate engi- 
neering programs of study, but an analysis by the U. S. Office of 
Education of the immediate needs for special training on the 
éngineering-school level and of the special facilities available 
at such institutions for training leads to the conclusion that 
engineering schools with special facilities should be utilized in 
one of the following ways: 

1 Institutions which are located in large industrial centers, 
such as Pittsburgh, may be able to utilize their staff, equipment, 
and classrooms for in-service training of special value in upgrad- 
ing the supervisory and technical personnel of defense industries. 
This type of in-service training would be carried on mainly 
outside of working hours. Some industries may be interested 
in allowing some of the training to be given on company time. 
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2 Institutions which are not located in or near industrial 
centers May carry on certain types of in-service training on the 
engineering-school level through extension classes. 
cases institutions may have to utilize classrooms and labora- 
tories of public schools or of industry and have the instruction 
carried on by regular part-time teachers or by special teachers 
assigned to industrial centers. 


In such 


3 Intensive resident programs of study, varying in duration 
from one to eight months. Most of such short-term courses 
should be available to those who have had the equivalent of 
at least the first three years of a recognized engineering-school 
course and actual industrial or engineering experience but who 
lack specialized knowledge in the field in which there is now a 
shortage of engineers. Thus, the average mechanical engineer, 
through a twelve or sixteen weeks’ course, could be prepared 
for employment as a marine engineer, an aeronautical engineer, 
or for production supervision, particularly if that engineer has 
had considerable practical experience. In the case of com 
missioned officers of the Army and Navy, intensive courses of 
one or two months may prove helpful to them in dealing with 
Diesel engines, high-pressure steam plants, electric communica- 
tion, cryptography, metallurgy, meteorology, chemistry of 
explosives, or similar problems which have been developing 
very rapidly. 

On Oct. 9, 1940, Congress appropriated nine million dollars 
to the U. S. Office of Education to be used in reimbursing engi- 
neering schools operating under charters which exempt their 
educational property from taxation, for the administration of 
the foregoing types of in-service instruction as well as for special 
intensive courses in fields in which they have special facilities 
in staff and equipment. 

Actual and potential needs for additional technical and super- 
visory personnel will determine the specific courses to be offered 
and every effort will be made to maintain a continuous balance 
between the supply of trainees and demands for their services 
The first courses to be established will be designed to forestall 
potential shortages of inspectors of materials, chemicals, ex- 
plosives, instruments, and power units; designers of machinery 
equipment, tools and dies, and aircraft power plants, structures, 
and instruments; production engineers and supervisors; physi- 
cal metallurgists; marine engineers and naval architects. As 
other needs become apparent, additional courses will be added 
to this program. 


INSTITUTIONS TO DETERMINE QUALIFICATIONS FOR ENROLLMENT 


Qualifications for enrollment will be determined by the insti- 
tutions giving the courses in accordance with general rules sug- 
gested by the U. S. Office of Education. In most cases, students 
will be selected from those who have previously had some tech 
nical training or its equivalent in practical experience which 
must be refreshed or supplemented to fit them to perform specific 
technical or supervisory duties. The program will not conflict 
with the vocational training courses also being administered 
by the Office of Education through the several state boards for 
vocational education, nor will it displace regular undergraduate 
courses given by the cooperating colleges. 

Institutions desiring to take part have already been invited 
to submit preliminary plans stating the need for trained tech- 
nicians in their areas, the facilities and personnel they have 
available for giving the necessary courses, the number of stu- 
dents that can be taught, and the approximate cost of instruc- 
tion. These plans will be adjusted to a coordinated plan for 
the country as a whole, after which authorization will be given 
to proceed with the enrollment of students. 

Federal allotments to the participating colleges may be used 
to meet the costs of salaries, materials and supplies, reference 
books, the operation of buildings, the maintenance and repair 
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of equipment, and, to a limited extent, the purchase or rental of 
additional equipment and the leasing of space in noncollege 
buildings. No expenditures are authorized for the purchase or 
construction of buildings, nor is provision made to defray the liv- 
ing expenses of students. Students will pay no tuition charges. 

To determine training needs as they develop, the Office of 
Education has just completed arrangements under which 
selected colleges and universities have made available 22 
regional advisers who will serve without compensation. Each 
of these will act, within his own territory, as a liaison officer 
maintaining continual contact with defense industries, Army 
and Navy district offices, employment services, and other 
sources of information on personnel needs, as well as with local 
engineering schools equipped to meet demands for training 
courses as they arise. These men will keep the Washington 
headquarters continually informed so that deficiencies in any 
one region may be met, if necessary, by training students in 
other places where facilities are available. In this way a na- 
tional program will be evolved that will continually adjust 
itself to changing conditions both in industry and as regards 
the technical personnel requirements of the federal govern- 
ment. Authorization of courses will not only conform to the 
needs so developed, but will also take into account the staff, 
equipment, and buildings at the various institutions and the 
availability of qualified students. 

Detailed outlines of the ground to be covered in each in-service 
and intensive course on the engineering-school level are now in 
preparation by the U. S. Office of Education. These outlines 
are intended to cover training programs of value to defense in- 
dustries, the Army and Navy, and must in most cases be in line 
with Civil Service Commission requirements, as all civilian 
technical employment by government must have the approval 
of the Civil Service Commission. 

As the program develops arrangements will be made to facili- 
tate the placement of students in defense positions as they com- 
plete their training. Much of this will be done by direct con- 
tacts between the engineering schools and near-by industries, 
but students will also have available the facilities of state and 
federal employment offices and the U. S. Civil Service Com- 
mission 

An Advisory Committee on Engineering Training for Na- 
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tional Defense, which is representative of the engineering teach- 
ing profession, has been set up by the U. S. Office of Education 
to aid in formulating policies for the in-service and intensive- 
training programs on the engineering-school level. It is hoped 
that these programs will prove helpful to the National Defense 
Program by meeting the needs of the Army, Navy, and of de- 
fense industries. 

Engineering colleges are greatly disturbed by reason of the 
selective draft, the call to active duty of the National Guard 
and Officers’ Reserve, by the present need of industry for ad- 
ditional engineering talent, and by the danger of the deple- 
tion of their teaching and research staffs. They are also expe- 
riencing great difficulty in finding additional teachers to take 
care of the defense-training program. Engineering-school ex- 
ecutives are fully conscious of their responsibility to insure 
prompt preparedness and an adequate national-defense program. 
They realize, however, that we must make certain that every 
person on our staff renders maximum usefulness during the pres- 
ent emergency, whether it be at his present post or in the direct 
service of government. In many cases superior teachers can 
render their greatest service through the training of engineers. 
It is hoped that industry as well as the defense agencies of gov- 
ernment will realize that without effective teachers today there 
will be no engineers tomorrow to design and build instruments 
of war and to aid industry in meeting industrial competition 
which is bound to become more and more difficult. Industrial 
supremacy as well as military preparedness depends upon com- 
petent engineers and scientists. 

No one can accurately predict what the future holds for us. 
Present conditions demand that science and technology operate 
at full speed. The engineer's initiative and inventive talents 
must be used most effectively. It is hoped that in-service and 
intensive-training programs to be administered by the U. S. 
Office of Education on the engineering-school level will prove 
helpful in supplying people for key positions in the rapidly ex- 
panding defense industries as well as for the Army and Navy. 
At the same time every effort must be made not to interrupt or 
to reduce the effectiveness of the engineering undergraduate and 
graduate programs of study and to increase our research efforts 
so that an adequate supply of well-educated and creative engi- 
neers may be assured. 


II_ Need for Training on College and Subcollege Level as Seen by 


U. S. Civil Service Commission’ 


By E. J. STOCKING 


PRINCIPAL EXAMINER (ENGINEERING) U. S. CIVIL SERVICE COMMISSION 


XECUTIVE order No. 7916 of June 24, 1938, authorizes 
and directs the establishment of federal training facilities 
in and by the departments and agencies and by the Civil 

Service Commission. Among other functions, the Division of 
Personnel shall have supervision of the “‘training of employees 
in the department or establishment, and shall initiate and super- 
vise such programs of personnel training and management as 
the head thereof after consultation with the Civil Service Com- 
mission shall approve... .”’ 

Section 8 reads as follows: “The Civil Service Commission 
shall, in cooperation with operating departments and establish- 
ments, the Office of Education, and public and private institu- 
tions of learning, establish practical training courses for em- 





1 Acknowledgment is made to Winston B. Stephens, Coordinator and 
Director of Training, for his assistance and for the use of the information 
obtained by his office in their survey of government personnel needs. 


ployees in the departmental and field services of the classified 
civil service, and may by regulations provide credit in transfer 
and promotion examinations for satisfactory completion of one 
or more of such training courses.” 

The Commission interprets the first part of Section 8 to mean 
that it is expected to assume responsibility for assuring the 
establishment of necessary training courses to meet the needs 
of the federal service. Such courses may be made available in 
three ways: First, within and under the direction of the sepa- 
rate departments and agencies for the benefit of their own em- 
ployees; second, by the coordination of the activities of differ- 
ent agencies or institutions whenever cooperative action is 
necessary or advisable; and third, by the initiation and direc- 
tion of certain types of training courses by the Civil Service 
Commission itself. 

The Commission is also very much interested in pre-entry 
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training or prerecruiting training courses. Such courses may 
be considered as including the whole educational and vocational 
experience of eligibles prior to appointment in any federal posi- 
tion. The federal government ordinarily has no connection 
with the pre-entry training of applicants other than through 
contact for recruitment purposes with existing employing 
agencies and educational institutions or through the ex- 
tended service of the Office of Education in the whole field of 
learning. 

In the present emergency, however, a direct connection of the 
federal government with pre-entry training has been estab- 
lished through the appropriation of some millions of dollars for 
the purpose of developing skills in the various trades, indus- 
tries, and professions necessary for speeding up the defense pro- 
gram. Of course, these moneys were not appropriated with the 
idea that graduates of such specialized training courses would be 
made available only to the federal government. Actually, it 
is expected that by far the greater portion of those trained under 
these funds will be absorbed in private industry. The various 
federal departments and the Civil Service Commission are well 
aware of the shortage of trained personnel in some fields because 
of the difficulties they have encountered in recruiting for these 
fields.. It is, therefore, necessary and desirable for the Civil 
Service Commission and the federal departments to work co- 
operatively with the U. S. Office of Education in the establish- 
ment of such courses as will provide, if not adequately trained, 
at least acceptable recruitment material needed to keep the de- 
fense program moving at a rapid rate. 


TRAINING AT THE COLLEGE LEVEL 


In planning training courses of college and subcollege levels 
consideration must be given both to the long-range program and 
to the filling of immediate needs. The engineering colleges are 
now well organized and well equipped with staffs to handle the 
long-range program. The problem there is primarily that of 
determining what shifts in curricula and in teaching personnel 
are desirable in order better to serve the immediate needs of the 
country, and to create at the same time a reservoir of trained 
personnel for use within the next one to five years. The fact 
that the usual number of trained engineers and technicians will 
be needed to carry on the regular peacetime activities of the 
nation should not be ignored. The Civil Service Commission 
believes, however, that this problem is one the engineering col- 
leges can and will solve on their own initiative. 

The short-range or immediate program calls for short courses 
extending over periods of from 6 to 16 weeks. Possibly a few 
courses of longer duration are needed. These can be organized 
either as ‘‘refresher’’ courses, or as highly specialized courses 
designed to furnish persons otherwise competent with the 
specialized knowledge which is needed to perform a particular 
job. 

Of course, I believe that no one in this audience would con- 
tend that a highly specialized course lasting a few short weeks 
would in itself equip anyone to assume a responsible position 
either in industry or in the government. Therefore, there is a 
great need for determining logically and sensibly what prere- 
quisites should be established for admission to such courses. 
If those trained in these short courses are to be employed in use- 
ful occupations, the background with which they enter the 
course must be such as to make it apparent to any appointing 
officer that persons with such training have good possibilities 
of being able to perform the duties to which they will be as- 
signed. Haphazard training of persons whose services cannot 
be utilized upon the completion of the training course is much 
worse than no training at all. 

After discussing the problems of recruitment at various times 
with many of the personnel and appointing officers associated 
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with the defense agencies, | am convinced that the immediate 
program calls for training in two main fields. The greatest 
demand is probably for training in the skilled trades, but there 
is still a real demand for some training in the technical profes- 
sions. The training needed in both fields should be considered 
under two main subdivisions: First, pre-entry training, that is, 
training previous to recruitment and to induction of a person 
into a position; and, second, in-service training, that is, train- 
ing for those persons already employed so that they may become 
more efficient at the tasks on which they are engaged. 

The Commission's interest in pre-entry training lies in the 
fact that it is the central recruiting agency for most of the ci- 
vilian personnel needed by federal defense organizations. Its 
objective is to obtain the best-qualified persons possible and thus 
furnish the departments with efficient and acceptable personnel. 
It must decide what competitive requirements shall be estab- 
lished in its examinations for any particular position or for 
any group of positions, and after making the decision must pub- 
lish these requirements so that the public may be informed of 
them. There is nothing static about civil-service examination 
requirements and, as conditions change, or as experience indi- 
cates the need of change, requirements can and dochange. The 
Commission and the government departments should therefore 
be thoroughly familiar with what is being done by the voca- 
tional and the engineering schools with the special courses now 
being organized throughout the country to speed up national 
defense. Where such courses are acceptable to the Civil Service 
Commission and to the federal departments as a basis for re- 
cruitment of federal personnel, the schools, competitors, and 
general public should be so informed through new examination 
announcements, or through amendments to announcements of 
examinations now pending. 

It is my opinion, based on the requests for certification of 
technical personnel which come to the Commission and on the 
probability that industry will need a greater number of persons 
than the government, that the colleges could immediately 
organize to advantage short courses in the fields of aeronautics, 
naval architecture, marine engineering, industrial supervision, 
engineering inspection, and automotive design. To be of maxi- 
mum help in speeding up the defense work, such courses must of 
necessity be highly specialized, and in some of the fields men- 
tioned must be so designed as to equip a man to handle a particu- 
lar phase of the work with a minimum amount of training on 
the job. For instance, in the field of aeronautics it is desirable 
to give some persons a practical fundamental knowledge of 
airplane structures, and such persons should spend a minimum 
amount of time, possibly none, on the design of propellers, air- 
plane engines, and airplane instruments. That is, if a short 
course of a few weeks’ duration is to impart to an individual 
enough information to enable him to perform the duties, for 
which he is being trained, in connection with airplane structural 
design or inspection a large percentage of his training time must 
be spent on structures alone. A similar statement can be made 
with respect to engineering inspectors, and if short courses are 
resorted to for training inspectors, such courses should be formu- 
lated in such a way that persons completing them will be able 
to perform inspector duties of a specific type. No single general 
course can be designed that will be satisfactory for the training 
of all types of inspectors, or for quick training in any fairly 
broad field of engineering activity. 


NEED FOR MACHINISTS AND MACHINE OPERATORS 


Intensive courses in the vocational field should give first con- 
sideration to the development of machinists and machine 
operators. The Navy Department estimates that it will need 
approximately 8000 additional journeymen machinists within 
the next 12 months and a probable total of 9000 or more within 
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the next year and a half. The War Department estimates that 
it will need more than 10,000 machinists, 1000 of this 10,000 
being needed for the Air Corps alone. By the end of two years, 
therefore, upon the basis of present estimates and plans some- 
what over 20,000 additional journeymen machinists will be re- 
quired by the War and Navy departments. Definite estimates 
as to the needs of industry are difficult toobtain. It is believed, 
however, that fully 85 per cent of the munitions for the Army 
and Navy must be furnished by private industry. Likewise 
private shipyards will undoubtedly be obliged to undertake far 
more than their normal share of the construction of naval ves- 
sels. The 20,000 additional machinists needed at arsenals, air- 
fields, and navy yards will be but a minor part of the total num- 
ber of machinists that must be provided within the next two 
years. 

If we take the term “‘machinist’’ to mean a person who sets 
up and uses skillfully all machine and hand tools, very few fully 
trained journeymen machinists are unemployed at present. Of 
the 22,000 machinists who were registered with the Employ- 
ment Service Division of the Bureau of Employment Security, 
as of April, 1940, many have since been employed and many 
others do not have the qualifications or suitability needed for 
employment in munitions factories and arsenals. The Interna- 
tional Association of Machinists estimated in August, 1940, 
that 10,000 unemployed machinists were available, but various 
other labor-union officials have intimated that no large surplus 
of machinists is available at this time. Both the government 
and private industry are having difficulty in recruiting enough 
competent machinists to fill their current needs. This would 
not be the case if the number of machinists willing and able to 
do the work required were greatly in excess of the demand. It 
is impossible on the basis of available data to estimate the num- 
ber of journeymen machinists employed now at some other trade 
or occupation. 

However, there are doubtless a number of them, especially 
among those persons who were over 40 when the depression 
threw them out of work. Many of these probably are listed 
by the employment offices but may be unemployable be- 
cause of age or because of physical disability. The demand for 
machinists is already causing a considerable number of persons 
to move from one industry to another and from industry to 
government or from government to industry. It is obvious 
that while a normal flow of labor from one plant to another is 
to be expected it will not make additional skilled labor avail- 
able and instead may seriously retard production, particularly 
if too many persons leave essential work in one plant to accept 
similar work in another. The question of the transfer of ma 
chinists now employed in industries not essential to the defense 
program, to work in establishments in the War and Navy de- 
partments or in industries connected with the defense program, 
is one that can lead to a great deal of useless argument, as it is 
almost impossible to say what industries are and what indus- 
tries are not essential to the defense program. 

According to estimates, the number of unemployed machin- 
ists and of machinists employed at other occupations who might 
be available as machinists falls far short of the estimated addi- 
tional needs of the government and private establishments for 
the manufacturing of munitions and the building of ships. Un- 
less something is done now, there will be a real and serious 
shortage of machinists within two years and probably within 
a shorter period. The forwarding of the defense work and the 
carrying on of the normal activities of the nation will suffer if 
this serious shortage does occur. 


NEED FOR OTHER CRAFTSMEN 


In addition to the need for skilled machinists, there is a 
definite need for other craftsmen and such advanced workmen 
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as instrumentmakers, toolmakers, and diemakers, etc. The 
September, 1940, issue of the official publication of the American 
Society of Tool Engineers gives a final report of the A.S.T.E, 
survey on the shortage of skilled men in industry. This survey 
shows an immediate need for 32,570 tool engineers, 127,750 tool 
and die makers, and 408,816 skilled mechanics, and indicates 
that an additional 78,208 tool engineers, 281,062 diemakers, 
and 332,160 skilled mechanics will be required by the time 
industry reaches the expansion necessary for carrying on the de- 
fense program. The survey also intimates that approximately 
30 per cent of the plants in the industrial areas of the United 
States will need additional tool engineers, that between 55 per 
cent and 60 per cent of the plants in these industrial areas will 
need additional tool and die makers, and that about 65 per cent 
of such plants will need additional skilled mechanics. It fur- 
ther indicates that about 30 per cent of the plants have appren- 
ticeship training programs and that 41 per cent have some sort 
of training that is not well organized or which is very incom- 
plete. Since the survey referred to was made, industry and the 
vocational schools have been working in close cooperation 
with the United States Office of Education in an effort to train 
the persons needed to relieve some of this indicated shortage of 
skilled mechanics. 

It is not believed that any short course, no matter how well 
it may be organized or how competent the instructor may be, 
can produce skilled machinists or other types of skilled crafts- 
men. Such courses may, however, produce machine operators 
and persons with sufficient skill to carry on one of the opera- 
tions involved in machinist’s work. It would seem, therefore, 
that the government departments and also private industries 
will have to give serious consideration to making an analysis 
of their operations or work flow with a view to using a large 
proportion of persons with limited skill in rather simplified 
operations. 

A thorough analysis of the work processes both of govern- 
ment and private manufacturing establishments with the 
assistance of experienced and competent industrial engineers 
seems to be necessary in order to determine to what extent it 
will be possible to reorganize operation and work flow so as to 
use a greater number of machine operators and thus reduce the 
estimated number of machinists required. Upon the basis of 
such an analysis, it may be possible to organize vocational 
courses that will be of great assistance in recruiting, not neces- 
sarily skilled personnel, but personnel competent to carry on 
during the emergency period. Recruiting of such personnel 
will not completely solve the problem. There will still remain 
the task of training on the job, the responsibility for which 
must be assumed by the War and Navy departments in connec- 
tion with their work and by industry in connection with its 
work. 

Programs of apprenticeship training for machinists should be 
expanded to a capacity consistent with ability to supervise shop 
practice and with ability to furnish competent instructors. Of 
course, some persons now serving as apprentices will complete 
their training within the next two years and these will serve as 
one source of supply for additional machinists. Actually, 
however, such apprentices will probably not be available to 
any organization except to the organization that has trained 
them. 


POSSIBILITY OF UPGRADING 


Many recent graduates of the better vocational and trade 
schools who have specialized in machine-shop work and who 
have had the opportunity of gaining some practical shop experi- 
ence would be among the best material obtainable for train- 
ing by means of special short courses of an intensive char- 
This source of supply should produce persons who 


acter. 
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can be quickly trained to operate one or two machines satis- 
factorily. 

The general upgrading of machine operators can be promoted 
and speeded up if special theoretical courses in shop mathe- 
matics, shop metallurgy, shop techniques, and shop supervision 
are made available to those so employed. If the courses are de- 
signed for this specific purpose, such upgrading will aid con- 
siderably in relieving the shortage of trained machinists that 
exists. 

Naturally, one of the results of rapid expansion in the indus- 
trial field is the upgrading of journeymen to supervisory posi- 
tions. Because of the speed with which advancement takes 
place all along the supervisory line and because of the pressure 
to increase production, persons stepping into new supervisory 
positions do not have the advantage of the usual amount of as- 
sistance and instruction from their immediate supervisors. It 
becomes especially important, therefore, that carefully organ- 
ized training be given to persons selected to be leading men and 
quartermen and to those who are to fill other supervisory posi- 
tions. 

The importance of their part of the training program can- 
not be overemphasized at a time when so many men will be 
put to work in the shops, who will be undergoing a training in 
which the supervisors must have a vital part. The expansion 
of production in industries now established, the building of new 
industrial facilities, the working of more than one shift of 
employees, and the large amount of overtime that will be re- 
quired will tend to keep those who are competent to instruct so 
employed on actual production that their services and time can- 
not be utilized for instructional purposes. 

Both industry and government may, in their eagerness to 
keep pace with their plans, try to rob the vocational schools 
and the engineering colleges of much of their trained instruc- 
tional staff, leaving a dearth of instructors at a time when there 
is a real demand for highly competent teachers. IIl-conceived 
and poorly organized training courses given by incompetent 
instructors will lead inevitably to severe criticism and disap- 
pointment—disappointment to those who have taken the 
courses because they will find that they are still unemployable, 
and disappointment to industry and to government because the 
type of trained personnel which they need is not being made 
available. Loss of competent instructors by the vocational 
schools and the engineering colleges can seriously affect the 
rapidity with which we can get our defense program moving 






HE preparedness program has increased tremendously the 
work load at all the various naval activities such as navy 
yards, naval air stations, and naval ordnance plants. The 

new construction, conversion, and alteration work at the navy 
yards; the numerous aviation projects; and the production of 
guns, torpedoes, and ammunition at the ordnance plants; all 
have been allocated on the basis of the maximum output from 
each facility. 

To accomplish this work load quickly and efficiently, the 
most important factor is an adequate supply of competent work- 
men. All the classifications and grades are included—the naval 
architects and marine engineers, the draftsmen, the supervisors, 
the artisans, the helpers, the inspectors, and the clerical and 
accounting forces. Each one has a part to play. 


III —The Navy Training Program for Civilian Employees 


By C. W. FISHER 


CAPTAIN, U.S.N., DIRECTOR OF SHORE 
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and the effectiveness with which we can maintain it once we 
have it moving at the speed desired. 


ROLE OF CIVIL SERVICE COMMISSION 


The Commission is extremely anxious to work with the 
engineering colleges and with the vocational schools in re- 
cruiting personnel for the various federal departments. The 
Commission relies on American colleges to provide annually the 
personnel from which to recruit for junior professional posi- 
tions. These colleges have also served as an excellent source 
for eligibles qualified for higher-grade professional and ad- 
ministrative positions. As experience has shown that engi- 
neering colleges provide the civil service with excellent and 
well-trained material, there is no reason to doubt that the 
colleges can do an equally good job of training, by short courses, 
the personnel needed in connection with the present emergency. 
Existing vocational and trade schools can assist materially in 
relieving the shortage of skilled mechanics not only for the 
government but also for industry by cooperating with the 
United States Office of Education in conducting the necessary 
training courses. 

As the Commission views the problem, however, the major 
program of training is largely that of training for industry. 
Actually, the government departments started their expansion 
ahead of industry, and have entered the market and secured 
much of the necessary personnel ahead of industry. It was also 
possible for the government departments to organize their 
training program at an earlier date than could industry be- 
cause industry had to wait for orders before knowing exactly 
what it could or should do. Again the probabilities are that 
industry must produce 85 per cent of the material required in 
the present emergency defense program whereas government 
manufacturing plants will not produce more than 15 per cent 
of it. 

As the courses on both the college and subcollege levels are 
organized and begin to turn out trained personnel the Com- 
mission will make every effort to keep informed about such 
courses, and whenever it becomes apparent that personnel so 
trained can be utilized by the various federal agencies, efforts 
to recruit from such sources will be made. The Commission 
is always anxious to cooperate to the fullest extent with col- 
leges, vocational schools, and other federal departments in its 
effort to bring into the government the very best-trained per- 
sonnel available. 







ESTABLISHMENTS 


The Navy training courses were inaugurated and are designed 
to augment as necessary the available supply of skilled work- 
men. 


EXISTING FORCE AND REQUIREMENTS——PROCUREMENT 


The field force of the Navy totaled 65,000 men in June, 1938; 
a year later it was 82,000; and in September of this year the 
total was about 140,000. 

Additional men are being taken on as rapidly as they can be 
absorbed into the system, the present rate being about 9000 per 
month. 

A national emergency creates a great demand for persons 
skilled in many vocations which in normal times have a limited 
field. This applies particularly to those engaged in the design 
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and building of ships and in the design, assembly, and repair of 
aircraft. 

Where shortages occur it is necessary to take the best ma- 
terial available and by training raise the skill and performance 
to the required degree. 


TRAINING 


During the last two years the Navy Department has inaugu- 
rated and maintained training courses to meet local needs in 
trades and occupations in which shortages appeared probable, 
and this system has played a large part in maintaining or antici- 
pating work schedules. 

The principal courses maintained are as follows: 


Apprentice training 

In-service training for artisans and helpers 

In-service training for shop instructors 

In-service training for supervisors 

In-service training for junior architects and engineers 
In-service training for inspectors 


In addition to the foregoing, all new employees are given a 
short course to minimize the “‘break-in"’ period. All employees 
in One sense are in training as the rapid expansion brings rapid 
promotion to those qualified 


APPRENTICE TRAINING 


For more than fifty years the Navy has maintained apprentice 
schools at various navy yards and stations. At present there 
are apprentice schools at sixteen stations, including ten navy 
yards, three air stations, and three major ordnance plants 
Thirty trades are covered by these schools 

The regular four-year apprenticeship system has recently been 
modified to allow the advancement of qualified apprentices to 
journeyman ratings after three years, and the number of appren- 
tices allowed has been greatly increased. In July, 1939, ap- 
proximately 2000 apprentices were in training—by the end of 
1940 it is estimated there will be 4000. 

The apprentice schools provide the long-range training, 
looking to the future for all-around mechanics and for super- 
visors 


ARTISANS AND HELPERS 


The various yards and stations have been authorized and di- 
rected to establish in-service training for trades in which short- 
ages are anticipated 

The numbers trained are limited to local needs, the training 
is practical in character, and the trainees are selected from 
promising employees. 

Where shortages occur, helpers are trained for advancement 
to mechanics’ ratings. Helpers and mechanics also are trained 
tor reclassification in allied trades; for example, boilermakers 
or shipwrights may be trained for shipfitters; sheet-metal work 
ers for coppersmiths; or machinists for toolmakers. 

In 1939 the rating of “‘helper trainee’’ was established. This 
brought in men under 30 years of age who have had two years’ 
experience in a woodworking or metalworking trade, or the 
equivalent in an organized vocational school. Appointments 
are limited to local needs and are for a probational period of 
six months during which the trainee receives at least three 
months’ training. Qualified trainees are reclassified as helper 
or those with the requisite skill and knowledge may become an 
artisan, minimum rate, for an additional probationary period 
of six months. 

The principal trades in which training has been found neces- 
sary are shipfitter, electric welder, coppersmith, electrician, 
machinist, loftsman, calker and chipper, molder, instrument- 
maker, toolmaker, blacksmith, and ropemaker. At the pres 
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ent time there are about three thousand artisans and helpers 
in training 
SHOP INSTRUCTORS 

In order to insure systematic and efficient training in the 
shops, selected mechanics are given special training to fit them 
as on-the-job instructors in the shops. 

The training comprises instruction technique and handling 
men. The shop instructors receive additional compensation for 
this duty. 

SUPERVISORS 

Practically all the supervisory positions are filled by promo 
tion within the organization. 

The number of supervisors increases as the total force ex- 
pands, and the courses are intended to fit eligible artisans, lead- 
ing men, quartermen, and foremen for the next higher position 
in the shortest time. 

About 400 men will receive this training during 1940. 


NAVAL ARCHITECTS, ENGINEERS, AND DRAFTSMEN 


Early in 1938 the shipbuilding program indicated the need 
for naval architects, marine engineers, and draftsmen, and the 
training courses to build up these forces were among the first 
inaugurated. 

This foresight has been well repaid because now when the 
demands of private shipyards and other plants have exhausted 
the supply, the navy yards and stations are not suffering the 
acute shortage which otherwise would obtain. 


INSPECTORS 


The part of the national-defense program assigned to private 
facilities has greatly increased the work of the navy inspection 
forces. The supervisors of shipbuilding, inspectors of naval 
material, inspectors of naval aircraft, naval inspectors of ord- 
nance, inspectors of machinery, and inspectors of navigational 
material, give all new employees training under the experienced 
inspectors to fit them for independent work. The Navy Yard, 
Washington, provides many inspectors for ordnance materials; 
the Naval Aircraft Factory is called on for inspectors of aviation 
materials; and selected artisans from navy yards readily are 
trained as inspectors of naval material. 


ACKNOWLEDGMENT 


The Office of Education and State and local boards of educa- 
tion have been cooperative in connection with the training 
program. 

At present there are nine instructors furnished in connection 
with work at apprentice schools at six navy yards and one 
naval air station. 

Also, vocational-school buildings have been made available 
for instruction at night and thousands of employees are taking 
voluntary courses to improve their trade knowledge and 
technique. 


CONCLUSION 


The Navy training system has been of material assistance in 
meeting the emergency requirements. The scope of training 
and methods used are revised as necessary from time to time to 
meet current conditions and anticipated future needs. 

We still call upon the colleges and technical schools and on 
associations such as the one you represent for our architects, 
engineers, and draftsmen; and upon vocational schools for 
lower ratings, and of course every effort is made to secure the 
necessary qualified artisans. The Civil Service Commission has 
been successful in supplying the best men available and with 
our training system well established, we can look confidently 
toward the future. 
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[V—Training College Graduates for the Aeronautics Industry 


By R. RANDALL IRWIN? anv JACOB KADUSHIN’® 


LOCKHEED AIRCRAFT CORPORATION AND VEGA AIRPLANE COMPANY 


HEN the aircraft manufacturing industry was con- 

fronted with the huge national-defense program, it 

already was working under pressure to meet the re- 
quirements of large foreign military orders. 

During the three years from the summer of 1937 until the 
summer of 1940, aircraft-manufacturing employment in Los 
Angeles County alone increased from 7400 to 55,000 persons. 
It would not be surprising if aircraft employment in Los Angeles 
County reached 150,000 persons by the beginning of 1942. 

It has not been uncommon for an aircraft factory to double or 
even treble its working forces in three to five months. In the 
past, engineering personnel has increased in approximately the 
same proportion as other classes of employees. 


NEED FOR SPECIALIZED TRAINING 


Because aeronautical engineering is a comparatively new pro- 
fession, there has never been a reserve supply of qualified per- 
sonnel in this field. As it became evident that the industry 
could not secure experienced aeronautical-engineering personnel, 
it was obvious that the only alternative was to train them. 

The college-graduate engineer, whether he majored in aero- 
nautics or some other branch of engineering, cannot be consid- 
ered as capable of solving design problems in an efficient and 
practical manner. While this condition applied in some de- 
gree to all branches of engineering, it is particularly true in the 
aeronautics industry. 

The college graduate has absorbed a certain amount of funda- 
mental theory. This theoretical knowledge must be supple- 
mented by a thorough understanding of design standards, tool- 
ing problems, manufacturing methods, assembly methods, and 
the various possibilities and limitations involved in the prac- 
tical problems of efficiently designing and manufacturing a 
worth-while product. 

Besides this training in practical application of the theory 
he has already learned in college, there is imperative need for 
further training in some specialized field. To illustrate this 
need for specialized training let us consider the design of a 
fairly large modern aircraft. 

The time for completing such a design is approximately 
250,000 man-hours. If one man were to design the complete air- 
craft, on the basis of 300 working days per year and 8 hours of 
work per day, it would take him more than 100 years to com- 
plete the design. Even if a man undertaking such a task could 
guarantee living long enough to complete the work, we are 
hardly in a position to wait. It is quite evident, then, that the 
design of an aircraft must be undertaken by a large group of 
engineers. 

As certain portions of the whole design are delegated to 
various individuals they become experts in solving those prob- 
lems peculiar to that portion of the whole design. As new 
designs are undertaken, these engineers are again assigned to 
the same corresponding portions of the aircraft. Thus they 
become experts in their specialized field. To cope with the 
problem of increasing specialization, the college graduate needs 
additional training. 

To meet the need for trained engineering personnel, the Lock- 
heed Aircraft Corporation and Vega Airplane Company have 
three separate training programs: One is for men now em- 
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ployed in the engineering department; another for recent 
college graduates about to enter the industry, and the third for 
graduate engineers with experience in other industries. 

In addition to these three programs arranged especially for 
engineering personnel, we have approximately 6000 employees 
attending evening trade extension classes in conjunction with 
the local school system. These classes are available to every 
employee in our organization to extend his knowledge and 
ability. They comprise 140 different classes and cover the 
various trades where skill and technical knowledge are essential. 
They are mentioned here because in many instances the college 
graduate finds himself deficient in the technical knowledge 
necessary for some phase of his work. He can acquire this 
knowledge by attending the particular trade extension class 
that meets his need. 

Still another type of training program has been inaugurated 
to meet specific needs. Special courses have been developed to 
provide training, during working hours, of riveters, template 
men, loftsmen, tool planners, inspectors, etc. Since these 
courses have not, in most cases, been composed of college grad- 
uates, they will not be discussed at this time. 


TRAINING OF MEN ALREADY EMPLOYED IN ENGINEERING 
DEPARTMENT 


Of the three training programs for college graduates, we 
shall consider first the program for men already employed in 
the engineering department. The courses in this program 
consist of one to one-and-one-half-hour lectures, given during 
working hours. These lectures are given by men recognized 
as authorities in their field. The students are selected from 
voluntary enrollees with the help of suggestions from their 
supervisors as to which course would most aid the student in 
becoming more adept in his work. Among the courses given 
are stress analysis, aerodynamics, materials and processes, 
assembly methods, fabrication methods, and so forth. 


TRAINING OF RECENT ENGINEERING GRADUATES WITHOUT 
INDUSTRIAL EXPERIENCE 


The second training program is that for recent college gradu- 
ates, that is, graduates without any actual industrial ex- 
perience. The men comprising this program are employed as 
engineering trainees. They are in a special department for the 
duration of their training. This is tentatively set at a period of 
one year. During this time they work in about twenty dif- 
ferent departments in the plant, and thus acquire a thorough 
knowledge of the various methods and problems involved in 
the manufacture of aircraft. This work is augmented by several 
hours of lectures each week by outstanding engineers. 

The supervisor of each department to which a trainee is as- 
signed sees to it that he is given an opportunity to learn the 
various functions of the department, by moving him from job 
to job, as he masters the technique of each operation. The 
supervisor also reports to the coordinator of the program on 
each man’s ability to learn, his interest in that particular type 
of work, his attitude, accuracy, speed, and so forth. 

The trainee is required to keep a ‘‘diary’’ of his experience 
in the form of notes on the various operations he performs. He 
also is asked to make suggestions on possible improvements in 
the methods of manufacture and design that he has observed. 
These suggestions are written up with illustrative sketches and 
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turned in with his ‘‘diary’’ to the coordinator. From the 
material turned in by the trainee and the reports of the super- 
visors, the coordinator can get a fairly clear idea of the type of 
engineering work for which the trainee will be best suited. 

With this in mind, the coordinator arranges an informal inter- 
view between the trainee and the supervisor of the particular 
branch of engineering for which the trainee seems best fitted. 
During this interview, the trainee can obtain a clearer and more 
definite idea of the nature of the work in the department in 
which he is destined to find his permanent place. If his inter- 
ests lie in that field, he can continue his training in a more con- 
centrated manner. Also, in this informal manner, the engineer- 
ing supervisor can meet and analyze his prospective employee, 
thus assuring a more equitable placement for the trainee. 


TRAINING OF ENGINEERING GRADUATES WITH EXPERIENCE IN 


OTHER INDUSTRIES 


The third of our training programs is that for college gradu- 
ates, who have had engineering experience in other industries. 
In view of the fact that this is the first time such a program has 
been attempted, considerable interest in our efforts has been 
aroused. For that reason, this program will be discussed in 
more detail. 

Because the previous rapid expansion of the industry had 
already absorbed all available experienced aeronautical engi- 
neers, the sudden demand of the national-defense program could 
only be met by additional training. To accomplish this train- 
ing in the shortest possible time, there was evolved a plan for 
converting engineers experienced in other industries into aero- 
nautical engineers. Because the trainees already would have a 
knowledge of engineering fundamentals, it would be necessary 
to cover only the special subjects peculiar to the aeronautics 
industry. Additional benefits from this procedure would be 


derived from the fact that the men would bring to the aircraft- 
manufacturing industry experience in mass-production methods. 

With these thoughts in mind, our companies developed a new 
intensive-training program in conjunction with the California 


Institute of Technology. As soon as preliminary arrangements 
were concluded, personnel interviewers were sent to various 
sections of the country to select carefully one hundred or more 
prospective trainees. More than sixteen hundred applicants 
were interviewed and given psychological and professional 
tests. Of these, one hundred and seventeen men were em- 
ployed and sent to the California Institute of Technology at 
Pasadena, California. Their traveling expenses, tuition, and 
salary while in training were paid by the company. Under 
such conditions, engineers of exceptionally high qualifications 
cheerfully accepted our offers. 


COURSES GIVEN AT CALTECH 


The schedule consisted of eight weeks’ training at California 
Institute of Technology, followed by eight weeks’ instruction 
directed by the staff of the Lockheed-Vega Education Service. 

The first portion of the program was completed on Sept. 20, 
1940; during that time five courses of study were given at the 
California Institute of Technology. The first of these, aero- 
dynamics of the airplane, was given with the assumption that 
the trainees were totally ignorant of the subject. Conse- 
quently, no one had any great difficulty following the course. 
All involved derivations of formulas were eliminated and the 
mathematics kept as simple as possible. To bring out practical 
application of the theories promulgated, problems given were 
based on the specifications of one of our current-model commer- 
cial aircraft. The course consisted of 40 one-hour lectures sup- 
plemented by notes published by the California Institute of 
Technology faculty. 

The second of these courses was aircraft materials and 
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standards. While descriptive in nature, this course was given 
with considerable thoroughness. The lectures were augmented 
with numerous slides, photographs, trade catalogs, and samples. 
The Lockheed company furnished various castings, forgings, 
extruded sections, welded parts, rivet and spot-weld samples, 
photographs of equipment, and other such items. The course 
consisted of 25 one-hour lectures with published notes. 

The third course was the airplane and its components. It 
consisted of a general description of the various parts of a 
modern airplane and their nomenclature. The course, given 
informally, consisted of 15 one-hour lectures including general 
discussions. The smaller details were omitted in order that 
the whole airplane could be covered in the allotted time. 
Service manuals, blueprints, photographs, and similar material 
were furnished by the company. 

The fourth course, airplane structures and stress analysis, 
began with the stresses and structures of the whole airplane. 
As long as it continued general in nature the men had little 
difficulty with the mathematics involved. However, when the 
detailed stress-analysis portion of the course was entered into, 
about half the trainees experienced considerable difficulty in 
keeping up with the subject matter. This difficulty was caused 
by some of the trainees not having the required knowledge of 
mechanics and strength of materials. 

This disparity of technical knowledge was not necessarily 
due to any difference in the abilities of the trainees. The fact 
that some of the men had been out of school for as long as ten 
to fifteen years, while others had. graduated only a few years 
previously, was a strong contributing factor to this situation. 
To alleviate the difficulty occasioned by this variance in back- 
ground, a test was given to determine which of the men needed 
the preliminary training. From the results of this test and 
some individual consultation, sufficient data were obtained for 
dividing the group into two classes; one class to continue with 
stress analysis, the other to concentrate their efforts on me- 
chanics and strength of materials. The time allotted for this 
course was also 40 one-hour lectures. This included both 
the course as originally outlined and the subsequent divided 
classes. Published notes were furnished by the California 
Institute of Technology faculty. 

The fifth course consisted of drafting for three hours daily 
during the afternoon for the eight-week period. The first 
several weeks were devoted to a review of academic descriptive 
geometry. One week was spent on technical sketching. 
The remainder of the time was devoted to drawing and design- 
ing detail aircraft parts. The Lockheed engineer assigned to 
supervising the trainees was invested with the responsibility of 
interpreting the company standards and conventions involved 
in this course. 


PRACTICAL TRAINING AT LOCKHEED FACTORY 


At the completion of the training at the California Institute 
of Technology, the second or practical phase of the training was 
begun at the Lockheed factory. At this time, an additional 
group from the Massachusetts Institute of Technology, com- 
prising 21 men, was added to the group from California 
Institute of Technology. These men from Massachusetts 
Institute of Technology were also graduate engineers who have 
majored in fields other than the aeronautical. However, for 
the most part, they were fairly recent graduates and did not 
have any extensive practical experience. Their training at 
M.I.T. was of ten weeks’ duration and consisted of the stand- 
ard academic aeronautics course. 

The program at Lockheed consisted of four one-hour lectures 
daily in the forenoon. These lectures were given by outstand- 
ing engineers who were considered the top men or authorities 
in their particular field. The lectures were of a practical nature, 
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being more concerned with practical applications rather than 
involved theories. Among the courses given were sheet-metal 
fabrication, assembly methods, applied stress analysis, aircraft 
mechanisms, lofting, aircraft power-plant installation, wing 
design, fuselage design, castings and forgings, aircraft electri- 
cal design, and aircraft hydraulic systems. In addition, engi- 
neers outside the Lockheed organization who are connected 
with firms manufacturing supplies and accessories for aircraft 
were brought in for special lectures. 

During the afternoon, the training consisted of actual design 
problems on the drafting board for a period of four weeks; 
liaison or contact work between engineers and the shop for 
two weeks; engineering checking of assembly and detail draw- 
ings for one week; and tool design and tool planning for one 
week 

The program at the factory was intended to bridge the gap 
existing between the theoretical knowledge obtained and the 
actual application of that knowledge. Thus the transition 
from student to producing aeronautical engineer was accom- 
plished with a minimum of waste effort. 

The present emergency presents an unusual situation and 
unusual methods have been employed to meet it. No hard and 
fast program could be devised for all contingencies. As has 
been shown, college graduates, fresh out of school, present an 
entirely different problem from the college man who has been 
in industry for several years. Both these types of men can 


URING the latter part of June, 1940, the Congress passed, 

and the President signed, Appropriation Bill HR 10104, 
providing $15,000,000 for the training of industrial 
workers for occupations essential to the national defense. 

The funds appropriated have been allocated through the 
U. S. Office of Education to the education departments of the 
various states for the setting up of state programs. 

State programs are administered and supervised by the state 
bureaus of industrial education. They are conducted in the 
vocational high schools and to a much more limited extent in 
approved technical schools and colleges 

Courses are of two types: 

A Supplementary courses for those persons employed in 
jobs essential to the national-defense program for the purpose 
of improving their skill and knowledge. 

B_ Pre-employment refresher courses for workers selected 
from the public employment registers, who by the training will 
become qualified for employment in jobs essential to the na- 
tional-defense program. 

There is no tuition charge for any of these courses. 

Students who satisfactorily complete courses are given a 
vocational training card issued by the U. S. Office of Educa- 
tion certifying that they have completed such courses. 

The U. S. Office of Education has defined the types of indus- 
tries which are at present considered essential to the training of 
defense workers 

Troy is happily situated with respect to a rather densely 

* President, Rensselaer Polytechnic Institute. 


* Professor of Electrical Engineering and Director of the National- 
Defense Training Program at Rensselaer Polytechnic Institute. 
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still further complicate the problem of further training by 
having some experience, very little experience, or no experi- 
ence at all in the field for which they are being trained. With 
all these factors in mind, we have attempted so to conduct 
our training as to meet most effectively the various needs of 
these men. 

In closing, it might be worth while to point out that in 
stitutions of higher learning, which are training engineers for 
industry, could help the present situation by revising their 
curricula along more practical lines. This possibility was sug 
gested to us by the difference in the knowledge and ability of 
groups trained at Caltech and M.I.T. In the former, there 
was Close cooperation between our organization and the univer- 
sity. Our Education Service and the engineer assigned to super- 
vise the training kept in constant touch with the progress of 
the courses, making suggestions and furnishing material to 
bring the courses to a more practical level. The M.I.T. pro 
gram, on the other hand, was not conducted in conjunction 
with any manufacturer. As a result, the material was more 
academic and theoretical, thus accounting for the discrepancy 
between the two groups. 

The conclusion, therefore, is that the more practical the 
training for college men, especially on the higher levels, the 
more valuable it will be to the men themselves, to the industry 
in which they are to work, and to our national defense for 
which the demand is urgent and immediate. 


INSTITUTE 


populated industrial area. It was estimated that such a pro- 
gram located at Troy would serve a population of some 600,000 
residents. The two most important defense industries repre- 
sented in the district are probably the U. S. Government Arsenal 
at Watervliet and General Electric Company at Schenectady. 
Other representative defense industries located within the dis- 
trict are American Locomotive Company, the Delaware and 
Hudson Railroad Shops, the West Albany Shops of the New 
York Central Railroad, Allegheny Ludlum Steel Corp., Cohoes 
Rolling Mill Co., The Rail Joint Co., Consolidated Car Heating 
Co., Behr-Manning Corp., W. and L. E. Gurley Co., Marshall- 
Eclipse Division of Bendix Aviation Corp., Simmons Machine 
Tool Corp., and such textile industries as Cluett-Peabody and 
Co., Inc., F. C. Huyck and Sons, Albany Felt Co., Fuld and 
Hatch Knitting Co., and Faith Mills, Inc. 


PRELIMINARY CANVASS OF LOCAL INDUSTRIES CONDUCTED 


Before offering the facilities of Rensselaer Polytechnic In 
stitute to the government it was considered advisable by the 
administration and the faculty to conduct a preliminary canvass 
of the most important industries of the district in order to ob- 
tain their reactions to the establishment of such a training 
program. Without exception industry was most enthusiastic 
and offered its fullest cooperation. 

Since the courses to be offered were all of the supplementary 
type, intended primarily for people already employed in de- 
fense industries, it was considered essential to offer the work as 
an evening program. A further important consideration was 
that an evening program would interfere in no way with the 
regular day-time college program. 
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It was also considered advisable in so far as possible to use 
instructors from industry rather than to increase the burden of 
the regular college staff in a period when many additional 
demands would be made on its time. The evening program 
made such a scheme practicable. 

The establishment of the program at Rensselaer was given 
final approval by the State Education Department on July 22, 
and it was decided to start classes on Aug. 6, 1940. 

It should be pointed out that except for the fact that the 
program makes use of the facilities of Rensselaer Polytechnic 
Institute, the school is an independent organization operated 
by the State Education Department. 

A descriptive brochure containing general information about 
the program and brief descriptions of the courses to be offered 
was prepared and distributed throughout the area. 


REGISTRATIONS EXCEEDED EXPECTATIONS 


Registrations for courses were scheduled on different even- 
ings, two at Troy, one at Albany, and one at Schenectady. 
Applicants were to be enrolled after personal interviews to 
determine eligibility on the bases of education, industrial ex- 
perience, and acceptability on defense grounds. 

Maynard M. Boring, engineering general department, Gen- 
eral Electric Company, and John H. Leadley, a retired indus- 
trialist and alumnus of Rensselaer Polytechnic Institute, both 
of whom have had a great deal of experience in personnel work, 
volunteered to assist in the interviewing of applicants. Their 
offers were gratefully accepted. Both devoted full time on the 
four registration nights to personal interviews. 

It was anticipated that the maximum number of applicants 
on a given night might be of the order of 100 and that Mr. 
Boring, Mr. Leadley, and Professor Wiltse would be able to 
handle all of the interviews. It developed that on the first 
interview night a crowd of over 500 applicants appeared—far 
more than it was possible for the interviewers to take care of, 
even though interviews were conducted from 7:30 p.m. until 
12:30 a.m. 

On subsequent registration nights the interviewing staff was 
augmented by members of the Institute staff and members of 
the personnel staff of General Electric Company. Similar 
crowds of applicants were encountered on all four registration 
nights. 

Since several interviewers were working simultaneously it 
was not feasible to keep a running record of the numbers of 
applicants tentatively accepted in individual courses. It was 
furthermore not considered possible for the interviewers to 
completely judge and evaluate the educational qualifications of 
applicants for such a wide variety of technical courses. 

Many industrial executives voluntarily cooperated by con- 
ducting preliminary interviews of interested employees, culling 
out those who were obviously not qualified and giving letters 
of recommendation to those whom they considered eligible. 

At the close of registration some 950 applications had been 
tentatively approved and at least an equal number disapproved. 

On the first evening of classes the entire tentatively approved 
group was assembled and it was announced that final selection 
of enrollees would be made by the instructors in the various 
courses. 

In this way enrollees were reduced to 740, the number which 
instructional facilities would permit. 


INSTRUCTORS RECRUITED FROM INDUSTRY 


In selecting an instructional staff the various local industries 
were canvassed to obtain qualified experts who would be willing 
to undertake the job of instruction. The response was most 
gratifying. Many who volunteered their services were men 
now occupying executive positions, who have had many years 
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of experience in industry. The general feeling expressed was 
that the program was worth while and demanded their fullest 
cooperation. 

Since the courses offered are for the most part technical, it is 
only natural that many of the instructors chosen were from 
General Electric Company with its great reservoir of technical 
talent. Other sources from which instructors have been 
selected are Cluett-Peabody and Company, Inc., Bendix Avia- 
tion Corporation, Behr-Manning Corporation, Watervliet 
Arsenal, U. S. Social Security Office, U. S$. Weather Bureau, and 
New York State Department of Public Works. During the 
early part of the program a few of the regular Institute faculty 
were employed until they could be replaced with satisfactory 
instructors from industry. 


WHAT SUBJECTS ARE TAUGHT 


At present courses in twenty-five subjects are being conducted. 
The subjects are: 


Total hours 
Principles of metallurgy ere e re 100 
Scientific bases of welding 100 
Elementary machine design.... ee eet 100 
Elementary tool design...... Baer ee 100 
Power generation, mechanical equipment Pe er ya 100 
Advanced manufacture and production. .. sche 100 
Reading of maps and aerial photographs................. 100 
Optics and optical instruments... sud e ees 125 
oo ene Svtnere 125 
ee ere 5 Wea eens 125 
X-ray technique. * 125 
Drafting and drafting-room practice ' eae 125 
Elementary — electronics...... Se 100 
Electrical instruments.................. ee Sree 100 
Electrical machinery. a 100 
Strength of materials and testing ADOLRUOLY. 2.0.5. eee es 125 
SSPARI CNR CEMINMENIN coo on. 5 feo. 6.05 dries oie sie wien acre eeiantse 100 
Foremanship and supervision. . Soak SAN aN emg dre 100 
Office management and operation......... aes 100 
Manufacturing costs. MES re 100 
Statistical methods in industrial control. ................ 100 
Differential equations............. Sis. RRS ae 100 
Exterior ballistics See ee 100 
Mathematics for machinists... ... 3 stein alors 100 
Elementary meteorology ........... : 100 


Classes meet on Tuesday and Thursday evenings at 7:30 and 
extend over a 2 hour or a 2!/2 hour period depending on the 
course. Present courses are scheduled to extend over a period 
of 25 weeks, giving a total course duration of 100 or 125 hours. 

A good example of a typical course ‘‘setup’’ is that for the 
course in drafting and drafting-room practice. The instructors 
are the assistant supervisor of drawings for General Electric 
Company, an instructor in the General Electric Company 
“‘vestibule’’ drafting courses, and the supervisor of apprentice 
draftsmen at Watervliet Arsenal. 

Other courses are similarly set up to be of a distinctly practical 
nature. 


NUMBER AND QUALITY OF THE ENROLLED STUDENTS 


In scanning the registration of students one cannot help but 
be impressed by the excellent qualifications and the seriousness 
of purpose of the group. Many of the enrollees are executives 
in defense industries and all enrollees are amply qualified to 
pursue the courses intelligently. 

Thirty-nine towns and cities of the area are represented among 
the enrollees. There are 270 enrollees from Troy, 128 from Al- 
bany, 120 from Schenectady, 97 from Watervliet, and 30 from 
Cohoes. 

Representatives of 13 industrial firms make up 65 per cent of 
the total registration. 

Twenty-six per cent of the total registration is from Water- 
vliet Arsenal and 10 per cent from General Electric Company. 
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There are 32 women students enrolled in the defense courses. 
In age they range from 20 years to 48 years. Many are gradu- 
ates of well-known colleges and a few have pursued graduate 
study. Although most are enrolled in business courses there 
are some enrolled in such courses as machine design, engineer- 
ing electronics, drafting, spectroscopy, X-ray technique, dif- 
ferential equations, and exterior ballistics. 

Male enrollees vary in age from 20 years to 55 years with a 
corresponding variation in experience. In occupations they 
vary from apprentices to officials and executives. 

Enrollees have been asked to furnish case histories with brief 
statements of their reasons for enrolling in courses. 
from a few of the more interesting replies follow: 

A student in the course in mathematics for machinists writes: 


Excerpts 


My idea of taking this course is to gain a more thorough education 
in mathematics so that if ever the opportunity of getting a better posi- 
tion presents itself, I will be better equipped as a man for the job. Also 
in my trade as a tool, jig, and fixture man you need a good training in 
mathematics. Without this training you can go only so far. That is, 
a man with only the practical experience is always depending on some- 
one else for the mathematical end of the job. 


A student in the course in elementary machine design writes: 


1 graduated from high school in 1935. Two years later I went to 

- Extension for a three-year course in mechanical engineering, with 

the intention of going to - College to complete my course. In the 

second year of night school my father died. My plans were changed. 

I finished the course and had to support my widowed mother. I en- 

rolled in the government R.P.I. course to help me in my present job at 

the General Electric Company. Iam working in the Industrial Control 

Building doing Government work. I attended the General Electric 
course in drafting. 


A student in the course in principles of metallurgy writes: 


1 have been employed at the Allegheny Ludlum Steel Corporation 
plant as assistant chief inspector for the last 13 months. At this posi- 
tion I have had a chance to receive a fair knowledge of melting, rolling, 
heat-treating, finishing and inspection of steel—also some testing such 
as deep etch, grind down, tensile, Brinell, Rockwell, etc. 

My objective is to further my education in the subject of metallurgy 
so I will be better able to fill my job. By a better knowledge of this 
subject I will be better able to do my work. In so doing I may be able 
to increase my production capacity as well as help to constantly improve 
methods and quality of work and product. 


A student in drafting and drafting-room practice writes: 
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A knowledge of drafting will help me in my present job. I feel that 
it will broaden my knowledge and make me better equipped to meet my 
present position. Since my firm is doing a great deal of government 
work at present, more responsibility is required on my part. Therefore 
I feel that by gaining a greater knowledge of this subject I will become 
more valuable to my employer. 


As the program has progressed the enthusiasm of both in- 
structors and students has continued undiminished. Instructors 
report students eager to learn and keenly interested in the 
courses. 

It must be remembered that there is nothing to influence 
these students to continue the work except their own interest 
in what they are getting out of the classes and their conviction 
of its value to them. Despite this lack of any other hold on 
them, there have been comparatively few withdrawals from 


courses. Some enrollees have been transferred to jobs in other 
localities. Some have been transferred from day shifts to night 
shifts. A few have been dropped because of inadequate pre- 


paratory training. 
CONCLUSIONS FROM EXPERIENCES 


In the light of the experience gained with the present program 
the following conclusions have been drawn: 


1 Courses of the supplementary type should be given pref- 
erably in the early evening hours, two or three evenings per 
week. 

(a) Such courses interfere least with regular daytime college 
programs. 

(6) Day-time employees in defense industries can attend the 
courses without interference with their regular work. 

(c) They permit the employment of well-qualified instruc- 
tors from industry who would not be available during the 
day. 

2 There is a definite need for such programs in industrial 
areas. This is evidenced by the enthusiastic response to the 
program by both management and personnel of defense indus- 
tries. 

3 Careful initial selection of enrollees will avoid heavy 
casualty lists as the courses progress. It is believed that the 
combination of a carefully thought out application blank with 
a personal interview is much more satisfactory than the applica- 
tion blank alone and that the additional time and effort in- 
volved in the personal interview is well worth while. 


Cushing, N. Y. 
-A CLASS IN PATTERN MAKING 





TANKS WITH RUBBER TREADS 


NTIL recently rubber and plastics have been somewhat 

foreign to the experience of mechanical engineers. The 

[increasing trend toward the structural application of 
these materials, however, has opened new vistas to those engi- 
neers who have been in a position to keep in contact with them. 
To those who have rot been so fortunate, the conflicting views 
on design and contradictory interpretation of results have some- 
times been confusing and discouraging. It is not possible to 
eliminate completely the unexpected difficulties that frequently 
accompany the applications of new materials, but the prospect 
of tremendous strides in design and production together with 
the related prospect of reduction in costs and expansion of 
markets easily offsets the difficulties, usually temporary, which 
accompany such progress. Yet in each year there stands above 
cases of discouragement and failure a distinct trend of progress 
in design and in thought which strikes the keynote for the year 
to come. 

The Subdivision on Rubber and Plastics of The American 
Society of Mechanical Engineers attempts in this report to sum- 
marize events of the year 1940 for mechanical engineers, and 
thus to give expression to the trends for 1941. 

The Subdivision on Rubber and Plastics of the A.S.M.E. is 
dedicated to the service and fellowship of engineers concerned 
with the mechanical problems of producing or using rubber or 
plastics. At the outset rubber and plastics were grouped to- 
gether in one organization in recognition of certain similarities 
during processing, and the quite definite promise that as new 


Prepared as a report of the Subdivision on Rubber and Plastics, 
of the Process Industries Division of Tue American Society or Me- 
CHANICAL ENGINEERS with the cooperation of W. F. Busse, E. G. Kir- 
mich, C. M. Sloman, O. M. Hayden, L. E. Jermy, J. F. D. Smith, H. W. 
Paine, W. A. Zinzow, and W. F. Bartoe. 

1 Rubber Chemicals Division, Organic Chemicals Department, E. I. 
du Pont de Nemours & Co., Wilmington, Del. Mem. A.S.M.E. 

2 Plastics Section, National Bureau of Standards, Washington, D. C. 
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LINE-UP AT ARMY MANEUVERS 
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materials were synthesized, the gap between materials now 
considered rubber-like and those commonly classed as plastics 
would gradually be closed. That the distinction between plas- 
tics and rubber is not clear-cut has been commercially illustrated 
during the last year by the use of polyvinyl resins for such per- 
sonal wear as suspenders and watch bands. Rubber companies 
have expanded their interest in plastics and further expansion 
has been urged (1).* For clarity in presentation, rubber and 
plastics will be independently considered in this report. 
RUBBER 

Normal progress has been disturbed by the concentration on 
national defense. The question of supply has, of course, re- 
ceived major attention. Normal economy would not support 
huge synthetic-rubber industries in the present state of develop- 
ment. Hence, expenditure of huge sums for such plants can only 
be justified on the basis of strategic necessity as stand-by plants 
(2) in the event of interruption of natural supply. If storage of 
an adequate supply of natural rubber can be accomplished, this 
should be done to avoid economic waste. Furthermore, al- 
though much can be accomplished, if need be, toward synthe- 
sizing all of our rubber it does not appear to our advantage from 
a long-view standpoint to do so. In addition to the adverse 
economic prospect we stand to lose technically by limiting the 
types of synthetic rubber to those that could be produced in the 
plants that would be built today. Rather than as a replacement 
for natural rubber, the field for synthetic materials seems to be 
properly in those applications which are gradually developing 
to employ most effectively the unique characteristics of each 
entirely new class of materials. Whatever the outcome may be, 
the problem has been studied intensively for some time (3, 4, 
5) and the final decision may be based upon the turn of events 
beyond our control. 


’ Numbers in parentheses refer to Bibliography at end of paper. 
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LABORATORY UNIT COMPLETELY CONSTRUCTED OF TRANSPARENT 
ACRYLIC MATERIAL HIDES NOTHING FROM THE OBSERVER 


During the last year there has been a distinct increase in the 
number of applications of rubber and rubber-like materials in 
mechanical equipment. In automobiles alone, the number of 
rubber parts in the 1941 models approximately doubled that in 
models of the previous year. Not only has the number of parts 
increased, but intense activity has led to the refinement of parts 
already accepted. These refinements have sought further 
economies in production, as well as improvement in operating 
characteristics and life. As a portent of new developments to 
come, Chrysler has built a new laboratory for rubber and 
plastics (6) and other laboratories have expanded their facil- 
ities for mechanical studies. 

Much of the growing use of rubber is due to further refine- 
ments of high-speed machinery, in which vibration problems 
present a unique opportunity to employ the elastic qualities of 
rubber. Many examples exist in harmonic balancers on shafts, 
mountings of various types for machinery, both large and 
small, flexible couplings on shafts, and insulating bushings sur- 
rounding bearings. In many cases applications which would 
have been impossible a few years ago are accepted practice today 
as the result of the development and the refinement of synthetic 
materials 

The application of rubber has increased the desire of profes- 
sional organizations to disseminate information on its proper- 
ties. Several outstanding contributions have been made during 
the last year. Some of these have been concerned with narrow- 
ing the region of controversy over the effect of shape upon the 
over-all stiffness of rubber springs (7, 8). Others have dealt 
with the part rubber plays in the isolation of vibration and the 
more complete evaluation of transmissibility characteristics (9). 
A feature related to this problem has been the effect of fatigue 
upon the life of the spring and substantial contributions in this 
field have been made (10). A further field which has been the 
subject of intense attention and exploitation is the use of com- 
bined types of loading in mountings employing various degrees 
of compression, extension, and shear (11). The possibilities of 
investigation are almost unlimited both because of the un- 
limited variations that may be made in the shape of springs and 
because of the extensive control available over the mechanical 
constants of the material itself 

In the general problem of designing elastic supports there is 
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as yet no entirely satisfactory standard method of evaluating 
properties. Among the shapes proposed for standard evalua- 
tion are a unit cube, a cylinder */4 in. in diameter and 1/» in. 
high, a cylinder 1 sq in. in cross section and 1 in. high. For 
reasons of symmetry it is possible that the cylindrical form 
should be preferred but it may be premature to adopt any par 
ticular shape or size until much more work has been accom- 
plished. It is to be hoped that theory may eventually provide 
a satisfactory method of comparison independent of shape. A 
distinct contribution was made during the year to the theory of 
large elastic deformation (12). 

In certain quarters the demand has continued, although in 
somewhat decreased volume, for the specification of rubber-like 
compositions in terms of chemical content. Although this 
method of specification is the easiest from the standpoint of 
those who prepare compositions, it offers no promise as a means 
of acceptance testing, except for rather broad classifications of 
chemical content. This method of specification breaks down 
completely due to the complicated chemical changes that occur 
during both vulcanization and testing. Furthermore, there is no 
unique correspondence between chemical composition and me 
chanical properties. Rather it appears more promising to es 
tablish as the result of concerted effort a series of mechanical 
tests and aging tests from which materials can be properly iden- 
tified as belonging to specific mechanical groups. The efforts 
of the American Society for Testing Materials in this direction 
have been extremely important. 

This report on rubber would be incomplete without calling 
attention to certain important references. It is unfortunate that 
much of the work that has been done has gone unnoticed by 
engineers, yet each of these key references on standard methods 
of testing and a related bibliography (13), on sources of supply 
of rubber goods (14), on the recent bibliography of rubber pub- 
lications (15), on the American rubber industry (16), on syn- 
thetic rubber (17), and on progress in rubber chemistry (18) 
should be available to every engineer. In closing it should be 
emphasized that the development of rubber is dynamic, and 
that many applications that are not practical today may become 
eminently practical in the very near future as new materials and 
knowledge are developed by current research. 
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BEHIND THE SCENES IN THE TEXTILE-PRINTING INDUSTRY, FUR- 
NISHER BRUSHES BRISTLE WITH SYNTHETIC ORGANIC PLASTICS 








M. 


has 
{10 


for 


10 
ine 


in 


en 
tic 
lit 
lu 





Marcu, 1941 


PLASTICS 

A trend of vast purport 
has been toward the utiliza- 
tion of plastics by the armed 
forces of every major nation 
19, 20). Military applica- 
tions, definite and potential, 
include laminated materials 
in airplane construction, 
streamline-formed transpar- 
ent fuselage and wing sec- 
tions, cast resins in guide 
lines on airplane carriers, 
luminescent resins in various 
military devices, tinted cel- 
windows for 
air-raid protection, gun- 
stocks of cellulose acetate 
and fabric-filled phenolic 


resins, cellulose-acetate 


lulose-acetate 


chutes for conveying am 
munition belts from 
to machine guns in airplanes, 
phenolic mouthpieces and 
containers for gas masks, 
impregnation of the fabric of gas masks for civilian use with 
vinyl-chloride resin as a protection against mustard gas, trans 
parent plastics in soldiers’ goggles, phenolic noses of antiair 
craft shells, and the possible application of nylon as a para 
chute material. In three British fighting services the uses of 
synthetic resins are said to exceed 1000 in number 


boxes 


A survey 
of plastics in the United States defense economy indicated that 
all types were amply available and that the molding and lami- 


nating plants were capable of handling extensive increases in 
production demands (21 

Another item of general interest is the recommendation in 
British regulations for the electrical equipment of buildings 
that electrical apparatus of the all-insulated type be installed 


TWELVE RUBBER MOUNTINGS SOLVED THE PROBLEM 
Vibration, resulting from the rotating machinery of this 1800-lb ball mill traveled so vigorously through 
Rubber mountings were the answer. ) 


a building that complaints were voiced four floors below. 


Courtesy U. S. Rubber Co. 


EFFECTIVE OPERATION OF RADIO EQUIPMENT IN POLICE CAR DEPENDS ON RUBBER MOUNTINGS 


Tubes were continually being broken and there was much unnecessary noise until four rubber mountings 
were installed under transmitter, generator, and battery.) 


wherever practicable and that the use of electrical apparatus 
particularly electric toasters and hair driers) having exposed 
metal parts be avoided as far as possible. Lamp holders, so 
constructed of, or so shrouded within, insulating material that 
it is impossible to touch any metal part, were also recom- 
mended. The availability of plastics for the construction of 
all-insulated equipment, particularly molded housings, is said 
to have prompted this recommendation (22). 

No really new plastics appeared on the market during 1940, 
but outstanding progress in developing increased volume 
through new markets can be credited especially to the vinyl- 
ester resins, cellulose acetate butyrate, and cellulose-acetate 
molding powder. These materials took many of the awards 
in the Fifth Annual Modern 
Plastics Competition (23). 
Vinylidene chloride resin is 
commanding attention in its 
applicationsas high-strength 
fibers and seat coverings 
24). Nylon resin is enter- 
ing the industrial field as 
bristles for brushes (25). 
Other high lights of the year 
in materials development 
include the production of 
plastics from cellulose ace- 
tate of higher acetyl content 
58 per cent acetic acid) than 
previously employed (26), 
and the further activity in 
the manufacturing of mela 
mine resin (27). Investiga 
tions pertaining to the use 
of farm waste products for 
the production of plastics 
were reported on by the 
Agricultural By-Products 
Laboratory, Ames, Iowa 
(28), and by the University 
of Tennessee Research Cor- 
poration (29). 

Improvements in injection 


Courtesy U. S. Rubber Co. 
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ABOVE: PORTABLE SEARCHLIGHT MADE OF CELLULOSE ACETATE 
BELOW: MOLDED PHENOLIC-PLASTIC PADDLES USED IN THE AUTO- 
MOTIVE INDUSTRY FOR SPREADING BODY SOLDER 


and compression molding presses have been concerned primarily 
with various operating features, particularly heating (30) and 
automatic controls (31). The technique of continuously ex- 
truding thermoplastic materials has also advanced consider- 
ably during the last year (32), and extruded plastics are replac- 
ing reed and rattan in woven furniture (33). A process for 
forming molds by spraying metal against a model has been 
perfected to the point where production molds have been made 
and are being tested in service (34). 

The aircraft industry has, of course, been spotlighted during 
the past year, and further important strides were made in the use 
of plastic plywood for molding airplane wings and fuselages (35). 
An outstanding development in this field was the laminated 
plastic tab for insertion in ailerons, elevators, and rudders to 
aid in balancing and controlling the airplane during flight (36). 
The reinforced plastic contributes a saving in weight and greater 
rigidity in these parts. Many new applications of black cellulose- 
acetate plastic in unstressed and slightly stressed parts on air- 
craft were reported in England (37). 

Resin-bonded plywood is expanding into many industrial 
fields. Refrigerator cars constructed largely of this material 
are said to be 6000 lb lighter than the previously used type and 
to provide a considerable economy in fabrication costs because 
of an 86.5 per cent reduction in the number of joints and a 19 
per cent reduction in fastening elements (38). Simplification 
of small-boat construction and improved weather resistance of 
decking and planking for larger craft have also marked the in- 
troduction of this material into the shipbuilding industry (39). 

The use of laminated plastic for bearings (40) and cams 
41) in high-speed industrial machinery was further extended 
during the last year. Jigs and fixtures used for light mill- 
ing operations made of laminated plastic represent a new de- 
velopment (42). Laminated plastic sheets, rods, bars, and 
tubes made in various cross sections and lengths are available 


MECHANICAL ENGINEERING 


so that these tools can be produced with very little machining. 

Many branches of industry which had previously made ex- 
tensive use of plastics added new molded parts to their prod- 
ucts. Summaries of developments in the automotive (43), 
radio (44), refrigerator (45), and mechanical-handling fields 
(46) were published. Other industrial items which merit par- 
ticular mention are a bilge pump with corrosion-resistant 
phenolic housing (47), a motor analyzer consisting of 18 
precision-molded parts (48), and a 5-pole, panel-type magnetic 
switch with molded phenolic shaft and cold-molded plastic arc 
chute (49). 

The two papers relating to time and temperature effects on 
the tensile and compressive strengths of thermoplastics (50) and 
on the creep and cold-flow characteristics of thermosetting and 
thermoplastic materials ($1), which were presented before this 
Subdivision a year ago, were among the outstanding contri- 
butions to our knowledge of the mechanical properties of plas- 
tics published during the last 12 months. The important physi- 
cal properties and performances of plastic bearing materials 
were surveyed in another paper originally presented before a 
division of The American Society of Mechanical Engineers at 
the 1939 Annual Meeting and published during 1940 (52). 

The effects of prolonged exposure at elevated temperatures on 
the tensile strength, hardness, water absorption, weight, and 
dimensions of phenolic laminates were investigated and recom- 
mendations submitted for the maximum temperatures to which 
these materials should be subjected in continuous duty (53). 

In an investigation (54) of resin-impregnated compressed ply- 
wood prepared at pressures up to 1500 psi compressive strength 
was found to increase in direct proportion to specific gravity 
and the tensile strength varied approximately in proportion to 
the 1.25 power of the specific gravity. Thus veneers of 1/4 in. 
thickness gave stronger bonds than veneers of 1/3 in. thickness. 
Other variables such as species of wood, amount of resin, 
number of cross layers, and pressures from 200 to 1500 psi were 
investigated. 

Tentative standard methods were adopted by the American 
Society for Testing Materials for measuring flammability of 
plastics, flow temperatures of thermoplastic molding materials, 
and absorption of water by plastics (55). Three papers per- 
taining to plastics were presented at the June, 1940, meeting of 
the A.S.T.M. One of these described an accelerated weathering 
test for plastics which gives results correlating well with those 
observed in outdoor exposures (56). The second paper was 
concerned with the amount of moisture absorbed and desorbed 
by plastics for periods up to two years and the effect of various 
test conditions on the value observed for water absorption in 
short-time tests (57). The third paper related to the measure- 
ment of the plasticity of molding compounds by means of a 
2.5-in. disk mold with capillaries extending downward from 
the disk (58). Another paper resulting from the activities of 
this A.S.T.M. Committee reported experiments made in measur- 
ing the flow temperatures of thermoplastics with the Rossi- 
Peakes flow tester and three plastometers (59). This work 
culminated in the tentative standard method for measuring flow 
temperatures of thermoplastic molding materials. 

A paper published early in the year presented the results of a 
study of the bursting strength of laminated glasses made with 
cellulose acetate and acrylic and vinyl resins (60). This prop- 
erty is of importance in connection with pressure cabins in air- 
craft for substratosphere flying. All types of laminated glass 
were found to have higher burst pressures at temperatures near 
—30 C than at about 20 C. Some specimens under constant 
pressure fractured after a few minutes at a pressure one third of 
that necessary in burst tests conducted under regularly increas- 
ing pressures. The former test is considered more significant 
in so far as actual use in aircraft is concerned. 
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A.S.M.LE. COMMITTEE on RESEARCH 


A Statement of Its Functions and Procedures 


T IS definitely established by the Charter, Constitution, and 
By-Laws of The American Society of Mechanical Engineers 
that it is authorized to engage in research. The authoriza 

tion is broad in its provisions. The Standing Committee on 
Research is also appropriately authorized to function as an 
agent of the Council of the Society. 


FUNCTIONAL PATTERN 


The functional pattern of the Society may be construed as in 
cluding four basic parts, namely: 


1 The accumulation and dissemination of knowledge 

2 The development of skill in the interpretation and appli- 
cation of knowledge. 

3 The encouraging of mechanical engineers to discharge 
their professional and social responsibilities. 

4 The elevation of the intellectual, economic, professional, 
and social status of the engineer and the engineering profession. 


These functions are discharged through the activities of pro- 
fessional divisions, local sections, standing and special com- 
mittees, and through the meetings and publications of the 
Society. 

The professional divisions now cover five fields of interest, 
namely: Basic sciences, management, power, transportation, 
and manufacturing. 

The professional divisions provide a ready means for obtaining 
information on the state of the sciences and arts within the field 
of activity of mechanical engineers. By these divisions main- 
taining a keen awareness of the need for research and by coop- 
erating actively with the Standing Committee on Research, the 
Society can become a very forceful factor in research. To this 
most desirable end this report provides a larger place than 
heretofore for the professional divisions in the research activi- 
ties of the Society. 


DEFINITION OF RESEARCH 


For the purposes of this report the definition of research as 
given in the unabridged Standard Dictionary is accepted. The 
definition is—‘‘Research is an organized, diligent investigation 
to discover facts." Under this definition the Society may par- 
ticipate in research of wide scope and character. However, the 
Society should confine its research activities to those lines 
which are directed toward extending the boundaries of human 
knowledge and which are not in any specific sense concerned 
with the development or improvement of commercial products. 


DUTIES OF STANDING COMMITTEE ON RESEARCH 
The major duties of the Standing Committee on Research are 


' A report of the Standing Committee on Research to the Council of 
The American Society of Mechanical Engineers. The first and second 
drafts of this report, in the form of progress reports, were issued May 15 
and May 31, 1940, respectively. The progress report of May 31 was 
submitted to the Council at Milwaukee, Wis., June 16-17, 1940, and 
was accepted by the Council at that time. It was revised Oct. 7, 1940, 
and approved by the Council at its meeting of Dec. 6, 1940. The report 
as here published is the form approved by the Council, except for the 
omission of the “‘preamble,"’ a hls of projects relating to the National 
Research Council's survey of research in industry, and a section recom- 
mending a slight change in the wording of the Society's By-Laws, which 
was adopted By the Council on Dec. 2, 1940. The Standing Committee 
on Research responsible for the report consisted of L. W. Wallace, 
chairman, E. G. Bailey, M. D. Hersey, W. Trinks, and J. H. Walker. 
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as outlined below. These are to be carried out in cooperation 
with the Professional Divisions or other groups. 

1 To select, initiate, and, through appropriate special re- 
search committees, supervise the execution of research projects 
The Standing Committee on Research may, however, upon its 
own volition, initiate and execute research projects in those 
cases where the circumstances pertaining to any professional 
division warrant such action, and also in such cases as may not 
come within the purview of any existing professional division 

2 To evaluate critically, each year, all projects on the re- 
search docket to determine those projects which should be dis 
continued, postponed, or expedited. Those projects retained 
on the docket are to be rated in the order of importance and 
timeliness. 

3 To assist the professional divisions and other groups in 
the organization of special research committees. 

4 To approve the personnel of special research committees 

5 To exercise control over all expenditures for research 

6 To establish time schedules for progress reports and the 
approximate date for the completion of each research project. 

7 To approve, before any effort is made to obtain funds, the 
plan for financing each research project for which the Society 
assumes any moral, professional, or financial responsibility 

8 To coordinate the research programs of two or more pro 
fessional divisions or other groups concerned with a given 
project. 

9 To encourage research in technical institutions by, for 
example, submitting each year lists of desirable research sub 
jects, including subjects appropriate for theses. 

10 To classify each research project, when first considered, 
in accordance with the following grouping and to exercise that 
degree of control specified for each group. 

Group A. Research projects initiated, financed, and executed 
under the direct responsibility of the Society. In all such cases 
the Standing Committee on Research is to supervise and control 

Group B: Cooperative programs in which the Society as 
sumes some measure of responsibility for planning, financing, 
and executing the programs. In such cases the Standing Com 
mittee on Research is to supervise and control to the extent of 
the responsibility of the Society. 

Group C: Administrative, wherein the Society as a matter of 
good will and public service merely acts as the custodian and 
dispenser of research funds. The Standing Committee on Re 
search is to approve such relationships. 

Group D: Moral support, in which case the Society merely 
lends moral support and does not assume any responsibility. In 
such cases however, such sponsorship is to be approved by the 
Standing Committee on Research. 

11 To approve, prior to any actual participation of an of 
ficial representative of the Society, any representation of the So 
ciety on any joint research committees and the persons who 
may serve. 


MEETINGS OF THE COMMITTEE ON RESEARCH 


The following recommendations are made with respect to 
meetings of the Standing Committee on Research: 


(4) That two business meetings be held per year, and chat, 
consistent with prevailing policy, provisions be made to pay 
the traveling expenses of the members of the committee. 

(b) That the semisocial dinner meeting held during the An 
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Tr. BAUMEISTER EDWARD H. HEMPEIL 


Management 


LEE SCHNEITTER 
Oil and Gas 


THOMAS B. DREW ALEXANDER KLEMIN 


Heat Transfer Aeronautics 


J. ORMONDROYD ARNOLD WEISSELBERG 


Applied Mechanics 


Process 


Recently Appointed Research Secretaries of A.S.M.E. Professional Divisions 


nual Meeting of the Society be continued but not construed as 
one of the business meetings 


PROFESSIONAL DIVISIONS 


The professional divisions are in a better position than any 
other group to determine regularly the lines of research needed 
in their respective fields. In anticipation of closer cooperation 
between the professional divisions and the Standing Committee 
on Research and in the interest of enlarging and increasing the 
effectiveness of the Society in the field of research, the following 
recommendations are submitted: 


1 That the chairman of each professional division, with the 
advice and consent of the executive committee thereof, appoint 
each year an official research secretary to serve as the liaison 
ofhcer between the division and the Standing Committee on 
Research.’ 

Among the duties of the research secretary, under the direc 
tion of the Executive Committee of the Division, shall be these: 
a) Stimulate interest in research in the division; 
the research activities of the division; 


b) supervise 
c) keep an up-to-date 
list of subjects requiring research; (d) prepare information re- 


* Eight research secretaries of A.S.M.E. Professional Divisions have 
deen appointed to date 


aid in the 
selection of the personnel for special research committees 

2 That each research secretary, with the advice and consent 
of the Executive Committee in each case, prepare and submit 
annually to the Standing Committee on Research a list of needed 
research projects classified as shown in paragraph 10 of ‘Duties 
of Standing Committee on Research.” 


quired by the Standing Committee on Research; (¢ 


3 That after the Standing Committee on Research receives 
the list referred to, a conference be held between appropriately 
designated representatives of the committee and the executive 
committee concerned in each case to select the subjects to be 
placed upon an approved research docket 

4 That each executive committee, with the aid of its re 
search secretary, prepare a complete plan of action for each 
approved subject and submit the plan to the Standing Com 
mittee on Research for final consideration and approval. The 
plan of action should include such factors as 


A specific statement of the question or problem 

A definite statement of reasons for undertaking project. 

A statement of the objectives to be obtained. 

Plan of organization for doing the work. This shall in- 
clude recommendations as to personnel of the special research 
committee as well as the chairman thereof 
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(e) A careful estimate of the total cost, including personnel, 
materials, equipment, travel, and contingencies. 

(f) The plan for securing the necessary financing. 

(g) Aschedule showing when (1) the work will be started; 
(2) progress reports will be submitted; and (3) the final report 
may be expected. 

(hk) Provisions for the submission of progress reports to the 
chairman of the special research committee in charge of the 
project and in turn to the Standing Committee on Research. 
In any event a progress report is to be submitted to the 
Standing Committee on Research at least once each year in 
September. 


Upon approval of such a plan by the Standing Committee on 
Research and the Council, the Division may proceed in accord 
with the provisions of the plan. 

5 That each special research committee, in September of 
each year, shall submit to the Standing Committee on Research 
a complete financial statement. This statement shall show the 
total expenditures to date for personnel, materials, equipment, 
travel, and contingencies for each current project. In addition, 
it shall show an estimate of the amount which is required to 
complete the project and the amount of money in hand for 
such purposes. 


FINANCING RESEARCH 


The plans presented herein contemplate an increased research 
activity on the part of the Society. Some measure of increase 
will be realized without additional expense by virtue of the 
improved organization and supervision herein provided for. 
However, the Standing Committee on Research will require 
more staff assistance than now appears to be available. A 
study should be made of ways and means of providing larger 
funds for research. Some additional funds may be obtained, 
however, by putting into effect a plan approved by the 
A.S.M.E. Council, Dec. 3, 1934. In substance the action of 
the council was: 


1 It shall be the policy of the Society in raising funds for 
research purposes to include a reasonable percentage of the total 
amount raised to cover, in part, administrative expense. 

2 The Standing Committee on Research is to advise all 
Special Research Committees that an addition of 10 per cent 
shall be added to the estimated cost of each research project and 
that it (the special research committee) shall advise those ap- 
proached for funds of this administrative charge. : 

3 No such percentage is to be added to grants from the 
Engineering Foundation. 

4 Funds so obtained shall be kept separate in the accounting 
of the Society. 

It is believed that a reasonable charge for administrative ex- 
pense is justified and would not be objected to by most people. 
Such a charge is common practice with universities and research 
institutions. They frequently add a percentage of from 20 to 
30 per cent of the cost of doing the work. It is recommended 
that the following charges be adopted: 

1 For group A projects: an administrative charge of 10 per 
cent of the fund collected shall be made. 

2 For group B projects: an administrative charge of 5 per 
cent of the fund collected shall be made. 

3 For group C projects: each case to be considered on its 
merits. If some charge seems to be justified and at the same 
time it is advisable, then the charge should not be more than 
to cover actual out-of-pocket expenses or from two to three per 
cent of the amount of funds handled. 

4 For group D projects: it is not contemplated that ex- 
pense would be involved in such cases and consequently no 
charge would be made. 
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SURVEY OF RESEARCH IN INDUSTRY 


The National Research Council is conducting a study en- 
titled ‘‘Survey of Research in Industry."’ A very able committee 
is supervising this work. Dr. Harvey N. Davis and Secretary 
C. E. Davies have prepared a valuable section covering me 
chanical engineering. In so doing they sent a letter to a num 
ber of industrialists and engineers requesting a list of research 
projects in process and a list of subjects in the field of mechani 
cal engineering which should be subjected to the processes of 
research. This can be said about the list of subjects suggested: 


1 There is some duplication in that a research program for 
a given subject, if carefully planned, could be made to cover 
some of the other subjects. 

2 Some subjects suggested clearly pertain to product improve 
ment and would not come within the purview of the Society. 

3 It is known that some of the subjects, in some regard at 
least, are now being subjected to research. 

4 Many of the subjects are fundamental in character and 
are of concern to many people. 

5 It is clearly evident that a much larger degree of coopera- 
tion and coordination than now obtains is most desirable and 
would be most profitable. 

6 It would appear that a series of authoritative and inter 
pretative monographs covering a number of the noncompetitive 
and nonconfidential subjects is needed and would serve a most 
useful purpose. 


The important thing about the list is that it reflects the 
judgment of a number of able men engaged in many industries. 
Moreover, the list is a smail sample in terms of the entire field 
of mechanical engineering. A more complete sample would 
certainly disclose a much longer list of subjects. 

Appreciating the source and importance of the subjects sug 
gested, a careful analysis has been made of them and a list of 
the subjects coming within the purview of each of a number of 
the professional divisions is being submitted to each. Each 
division will be requested to study each subject and to recom 
mend a line of action to the Standing Committee on Research 


FELLOWSHIPS——PUBLICITY 


The standing committee on research has given careful con 
sideration to the suggestion that the Society endeavor to secure 
funds with which to finance fellowships. The value and im 
portance of fellowships are recognized as are the problems asso 
ciated therewith. The committee is of the opinion that the 
Society would be well advised to accept and administer any 
funds tendered for such a purpose. However, it is not prepared 
to recommend that the Society as a matter of fixed purpose 
undertake to establish fellowships. This position is predicated 
on these considerations: That fellowships benefit a very lim- 
ited number of people; that for the amount of the expenditure, 
frequently the returns are small and intangible; that the Society 
should not spend money it receives directly or indirectly from 
its members for such a purpose; that through other ways and 
for an equivalent expenditure a much larger number of junior 
engineers may be equally benefited. 

There is no line of activity which commands more popular 
interest than research. Therefore it would be decidedly in the 
interest of the Society if more publicity were obtained for its 
research activities and findings. It is earnestly recommended, 
therefore, that the Publications Committee give consideration 
to ways and means of securing a larger measure of publicity for 
the research activities of the Society. The effort should not be 
confined to technical publications but made to include popular 
magazines and the daily press. Ways and means should be pro- 
vided also for an increased publication and distribution of re- 
search reports. 


























TURBULENCE and COMBUSTION 


In the Pulverized-Coal Furnace 


By B. J. CROSS 


COMBUSTION ENGINEERING COMPANY, INC., NEW YORK, N. Y 


HE term turbulence as applied to combustion in furnaces 

refers to a disturbed condition of the furnace atmosphere 

resulting in a mixing of the combustible and air which is 
conducive to more rapid and more nearly complete combustion. 
It is generally considered to be a necessary and desirable condi- 
tion in furthering the combustion process. In the earlier pul- 
verized-fuel installations before the development of water- 
cooled furnaces, pains were taken to avoid excessive turbulence 
in the furnace. Flames could not be permitted to brush the 
furnace walls, and secondary air was admitted at low velocity 
and in distributed ports in such a manner as to produce what 
were called ‘‘soft’’ flames that would not be destructive to the 
refractories. Combustion rates were kept low to avoid high 
furnace temperatures so that excessive slag would not be formed. 

In completely water-cooled furnaces a high degree of turbu- 
lence is essential. The most active combustion is localized as 
near as possible to the burner zone, leaving to the after part of 
the furnace the function of continuance of the combustion to 
an economic degree of completion. To accomplish this locali- 
zation of the active combustion zone, intensive turbulence is re- 
quired. It is no longer necessary to favor the furnace walls, and 
primary and secondary air at high velocities may be used. The 
high rate of combustion in the burner zone is possible because 
of the relatively high concentrations of the reactants, oxygen 
and fuel. They cannot, however, be made to combine any 
faster than they can be brought into contact and turbulence is 
necessary to produce mixing. As combustion proceeds, the 
furnace atmosphere becomes depleted of its oxygen and is di- 
luted with the products of combustion. The last of the carbon 
must be burned in an atmosphere containing between two and 
three per cent oxygen. A continued turbulence is, therefore, 
desirable to keep the loss due to unburned carbon within 
economic limits. 

Actually it would be difficult if not impossible to avoid tur- 
bulence in a furnace. Any discussion of the subject involves, 
therefore, the degree of turbulence obtained rather than its 
presence or its absence. 

In a pulverized-coal furnace a primary turbulence is inherent 
in the streams of fuel and air. A secondary turbulence is pro- 
duced by the impingement of or interaction between these 
streams. These terms, primary and secondary, apply to the 
order of incidence rather than to the order of importance. The 
mechanism of the production of these two types of turbulence 
is quite different. 


LAMINAR AND TURBULENT FLOW 


In a fluid flowing in a pipe or duct the condition of flow at 
low velocities is termed viscous or laminar. In this condition, 
the elements of flow are parallel. The velocity is highest 
at the center of the duct and grades off to zero in the station- 
ary film at the periphery. The stream appears to be made up 
of concentric cylinders, one slipping upon another. 


Contributed by the Fuels Division and presented at the Joint Meet- 
ing, Birmingham, Ala., November 7-9, 1940, of the Coal Division of 
the American Institute of Mining and Metallurgical Engineers and the 
Fuels Division of Taz AMERICAN SocieTY oF MECHANICAL ENGINEERS. 
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As the velocity is increased, the parallel elements of flow are 
broken up, and the flow becomes turbulent. In such state of 
flow eddies and cross currents appear and the velocity of the 
stream becomes more nearly uniform across its section. At 
the periphery of the stream the stationary film is thinner and the 
velocity near the film is higher than for laminar flow. 

The point, or rather zone, of transition between laminar flow 
and turbulent flow is determined by the Reynolds criterion 


— Velocity X diameter X density 
Absolute viscosity 


or to reduce the number of terms 


R Velocity X diameter 
c= —— we - . 
Kinematic viscosity 


Fig. 1 shows Reynolds’ number plotted against a factor 
proportional to friction on the surface of the confining duct. 
The flow up to the value 2500 is laminar, between 2500 and 3000 
indeterminant, and above 3000 turbulent. As the absolute 
values of the friction factor vary somewhat with a number of 
factors, such as the size of the duct and the condition of its 
surface, the scale on the ordinate has been omitted. 

For air at room temperature, the critical velocity, assuming a 
unit diameter, is quite low, about one half foot per second 
However, because of the rapid increase in kinetic viscosity, the 
critical velocity will increase with temperature. Fig. 2 shows 
the change in the critical velocity of air as the temperature is 
increased. Even at 3000 F, the limit for laminar flow is around 
10 fps. 

While in the foregoing, the fluid stream is assumed to be con- 
fined, the same considerations apply to flow in an open jet. In 
an unconfined jet, however, and more particularly jets consist- 
ing of a burning mixture, velocity, diameter, and viscosity all 
change along the path of the jet. 

The ordinate values of Fig. 1, which in flow in ducts is a 
measure of wall friction, represent in unconfined jets the drag 
at the boundary of the stream upon the ambient atmosphere. 
This drag causes eddies at the boundaries which promote mix- 
ing of the stream with the surrounding gases. 

In laminar jets, the stream changes but little in diameter as it 
issues from the orifice. See Fig. 3. This is probably because of 
the fact that the flow elements at the periphery of the stream 
have a relatively low velocity compared to the average and the 
drag on atmosphere is correspondingly low. The discharge 
from a stack on a windless day shows this characteristic flow. 
Another example of a laminar flow is the smoke from an idle 
cigarette in a quiet room. 

A marked characteristic of a turbulent jet is its expansion as 
it issues from the orifice, Fig. 3. The boundary of the stream 
appears woolly and eddy formation can be plainly seen. 

The expansion of the jet as it issues from the orifice is due in 
part to the slowing up of the velocity and in part to the ve- 
locity component at right angles to the direction of flow. This 
radial component of velocity gives the jet a fluttering character- 
istic which may actually produce a vibration. At sufficiently 
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high velocities, an audible note may be produced. This flutter- 
ing of a jet may be demonstrated by means of streamers of light 
silk ribbon or thread held in its path. The action is similar to 
that of a flag, flying in a stiff breeze. 

The eddying noticeable at the boundary of a turbulent jet 
causes a feathering off of the stream in small vortexes which is 
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be blown away from the burner and ignition would be unstable. 

At the velocities occurring in furnaces laminar flow cannot 
occur. The jets of primary and secondary air are both in turbu- 
lent flow. Probably the nearest approach to what may be called 
laminar combustion is the candle flame. The vaporized and 
flaming combustible from the wick of a candle rises without 
turbulence and the air for combustion induced 





+ -— + — + 

es 

2 Eo 
+ 

edema 


= 
+ 


+++ —__+—__-—_ _+—__+ 
- —}— — 
“ eas 
+ 
= 
+ 
+ 
= 
‘= 









> 
RS 
AS 
= 
Y 





Resistance Factor 





+ +—J 


a 
| | 
Hy 
3 3 


























ae oe 
a © 
= = 
a 
. 
: os 
+ 
4 } + + } 
+ + ? 
aoe coef ees etseenetiecemeetn 





partly by convection and partly by induction also 
| is in laminar flow. If we consider the flame and 
the envelope of air which supports combustion as 
candle flue gases, the final CO, content of the gases 
of a candle burning in open air will be about 4 per 
cent. By adding a chimney and controlling the 
air supplied, the CO. may be increased to a maxi 
mum of 10'/s to 11 per cent with, however, the 
production of much smoke and soot. At these 
| maximum CO, values, the flame is at the point of 

being extinguished. By the further addition of 
| an air deflector similar to that used on kerosene 
lamps, to increase the velocity of air at the flame 
envelope, the CO, may be increased to about 6 
per cent without smoke. 

Incidentally, in the volume occupied by the visi 
ble flame, the combustion rate of a candle is some- 
what over 2 million Btu per cu ft per hr. Sucha 
high rate of combustion is possible, partly be 
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FIG. 2 CRITICAL VELOCITY VS. TEMPERATURE 

helpful in securing ignition. A pronounced eddy will occur at 
the mouth of a blunt burner nozzle. This eddy may be accen- 
tuated by means of a restriction in the nozzle throat. These 
eddies serve as points of ignition. While the average velocity 
of the stream may be well above the velocity of flame propaga- 
tion, the formation of these eddies results in boundary veloci- 
ties much lower than the average. Otherwise the flame would 


cause of the large ratio of surface to mass and 
also because oxygen is supplied to this surface at 
relatively high concentrations. The highest 
temperature of a candle flame is near the surface 
where combustion is taking place. This high sur 





FIG. 3} TURBULENT AND LAMINAR FLOW IN JETS 


face temperature induces convection currents that rise swiftly and 
wipe off the products of combustion and permit the contact of 
fresh air richer in oxygen with the combustible. The final 
combustion at the tip of the candle flame takes place in an 
atmosphere containing about 16 per cent oxygen. If the oxygen 
content at this point is reduced even to 14 per cent, combustion 
is incomplete and smoke results. With an atmosphere contain 
ing 4 per cent CO, (16 per cent O,) supplied at the base of the 
flame, the candle will not burn. 


METHODS OF FIRING PULVERIZED-COAL FURNACES 


Turbulence within a furnace is a result of the inherent turbu 
lence of the jets, the impingement of the jets upon each other, 
and the turning and eddying due to the confinement of the jets 
by the furnace walls. 

Air for combustion is introduced into the furnace as primary 
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air which carries the fuel, and as secondary air, the remainder 
of that required. The function of the primary air is to introduce 
the fuel so that ignition is prompt and stable and to distri- 
bute the fuel so that all parts of the furnace may be utilized 
in combustion. 

Secondary air is introduced into the furnace at or near the 
burners in a manner designed to promote speedy mixing with 
the burning fuel of the primary air stream. 

Relatively high pressure is provided for the primary air, 
ranging from 6 to 15 in. water gage, depending upon the 
method of firing. Secondary air which is the larger quantity 
is supplied usually at somewhat lower pressure primarily as a 
matter of economy. 

Fig. 4 shows diagrams of various methods of firing for pul- 
verized-coal furnaces. The early installations of pulverized 


coal operated with secondary air supplied with natural draft. 
In natural draft furnaces, Fig. 4(a4), the chief source of turbu- 
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lence is in the primary air jets. Vertical firing is the rule and a 
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long path is provided for the flame. Secondary air, induced by 
furnace draft enters at low velocity in ports distributed along 
the path of the flame. A larger number of small burners is more 
effective in producing turbulence than fewer large burners. For 
this reason the storage system is best adapted to this method 
of firing, as increasing the number of burners involves only the 
relatively small expense of additional feeders. In direct-fired 
systems, economy dictates the use of as large mills as possible 
and the division of the mill stream to a large number of burners 
is not very practical. 

A logical development of the natural-draft method of firing 
was the addition of forced draft, Fig. 406). Secondary air is 
introduced in smaller high-velocity jets. In order to break up 
the primary air streams quickly, the admission of secondary air 
is closer to the coal-burner nozzles. Water cooling of the front 
and side walls permitted the higher combustion rates engen- 
dered by the greater degree of turbulence obtained. While this 
system has been used with direct firing in both large and small 
































(e) elevation 


(e) plan 


FIG. 4 DIAGRAM OF FURNACES SHOWING FIVE BURNER TYPES AND ARRANGEMENTS 


(a = Vertical, natural-draft; 6 = Vertical, forced-draft; ¢ = Horizontal, ‘‘turbulent-type’’ burner; d = ‘‘Impact-type’’ burner; 
e¢ = Corner-fired burner.) 
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units, the advantage of storage system also applies to the 
method of firing. Furnaces of this type are often fired from two 
sides and as many as twenty burners have been used. In com- 
pletely water-cooled furnaces, combustion rates as high as any 
in modern practice have been obtained. 

The next development in firing method was based on the dis- 
covery of the turbulence which already existed and the ‘‘turbu- 
lent’’ burner, Fig. 4(¢), was devised. This burner fires horizon- 
tally and all of the air used for combustion is introduced 
through the burner opening. 

In order to distribute the coal across the furnace, the primary 
streams are given a whirl within the burner nozzle either by 
providing a fan scroll entrance to the burner or by placing 
propeller-like spinners in the burner mouth. The secondary 
air is also given a spin by controllable tangential vanes at the 
inlet to the burner throat. 

The whirling of the primary air stream in addition to effect- 
ing distribution of coal also provides a large surface to the jet 
for contact with the secondary air. The control of spin of the 
secondary air permits it to be regulated so that it does not strike 
the primary air stream forcibly until ignition is well estab- 
lished. The shape of the flame can also be controlled by the 
secondary air vanes. 

Horizontal turbulent burners are well adapted to direct firing 
as they may be of large capacity and few in number. Usually 
two or four burners are used, although in installations of small 
capacity single burners have been successful. In storage-system 
installations as many as eight burners have been used. 

Fig. 4(4) represents what might be called an impact burner. 
This type of burner is used exclusively for slagging-bottom 
furnaces. The burners are usually set in an arch located low in 
the furnace or sometimes in side walls and inclined downward 
toward the furnace bottom. High velocities of both primary 
and secondary air are used and these streams impinge on the 
furnace hearth. A high degree of turbulence is obtained result- 
ing in the high local temperatures necessary for slagging. 

Fig. 4(¢) represents a corner-fired furnace. In natural-draft 
furnaces, practically all of the furnace turbulence is achieved as 
a result of the primary air streams. While this primary turbu- 
lence has a lesser role in the vertical-fired forced-draft and the 
horizontal-fired furnaces, it still is the principal factor in effect- 
ing mixing. 

In the corner or tangentially fired furnaces, although both 
the primary and secondary jets are in a high degree of turbu- 
lence, mixing is due in greater part to the interaction of these 
jets. Obviously, a minimum of four burners is necessary for this 
type of firing. Two burners to a corner give greater flexibility 
in load and three and four burners per corner have been used. 
The burners are usually directed to a 6- or 8-ft-diam tangent 
circle. On recent installations the burners are adjustable so 
that the tangent circle may be changed while the furnace is in 
service. 

The distance from the burner mouth to the tangent circle is 
short and the jets impinge at high velocity. The cyclonic 
action set up by the burners causes, in the rectangular furnace, 
series of eddies, so that the cross section of the furnace is com- 
pletely filled with the burning mixture. The cyclonic disturb- 
ance persists to some degree to the furnace outlet and is effec- 
tive in completing the combustion of the coke particles. The 
gases rise spirally in the furnace and the direction of flow is 
being constantly changed. The carbon particles which are 
very dense compared to the gases tend to move in straight lines. 
Their position relative to the gas stream is, therefore, constantly 
changing. 

A high degree of turbulence is possible with the tangential 
system of firing. It is applicable to both slagging and dry- 
bottom furnaces. 
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Assuming that the burner design and arrangement is such 
that the energy of the primary and secondary air streams is 
usefully employed in producing turbulence, the degree of turbu- 
lence attained is measured by the velocity of these streams. 
The kinetic energy of the gas flowing out of the furnace is fixed 
by its mass and velocity, that is, in a given furnace by the 
amount of fuel burned and the amount of air introduced with 
it. The difference between the kinetic energy of the entering 
streams and that of the gases leaving the furnace may be con- 
sidered the equivalent of the turbulence produced. As the 
energy of the gas stream leaving the furnace is constant for a 
given condition of rate and excess air, the degree of turbulence 
created in the furnace is proportional to the energy of the 
streams entering it. 


EFFECTIVENESS OF TURBULENCE IN OBTAINING COMPLETE 
COMBUSTION 


The effectiveness of turbulence in the furnace may be measured 
by the amount of unburned carbon in the ash leaving the fur- 
nace. As the cost of supplying air to the furnace increases with 
the velocity imparted to it, there must be an economic limit to 
the pressures used. In this, the law of diminishing returns 
applies and the economic limit may be established empirically. 

In Fig. 5 the percentage of combustible in the ash leaving the 
furnace is plotted against the pressure of the secondary air. 
There is a definite reduction in the carbon loss as the secondary 
air pressure is increased. The excess air was held constant dur- 
ing this series of tests. These tests were made on a furnace fired 
with horizontal burners. The pressure of the secondary air was 
regulated by the vane opening. 
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In Fig. 6 the carbon in the ash is plotted 
against excess air at constantrating. During 
this series, the secondary air pressure was 
held practically constant. 

In Fig. 7 are shownselected data of a series 
of tests made on a tangentially fired furnace. 
Secondary air pressure, excess air, and car- 
bon loss in the flue dust are plotted against 
rating of the boiler. The feature of this 
graph is the carbon loss which makes prac- 
tically a flat curve with increasing rating 
and decreasing air supply. The explanation 
may be in the increasing secondary air pres- 
sure which increases the degree of furnace 
turbulence. 

The chart sections which appear on this 
graph are parts of a record of furnace draft 
which were taken with a sensitive gage using 
a high-speed clock. This gage indicated a 
rapid pulsing of the furnace atmosphere 
which is believed to be associated with 
furnace turbulence. The frequency is from 
4 to 6 cycles per second, and as may be seen, 
the amplitude increases with rating. The 
individual pulses are too high in frequency 
to register on a U-tube or inclined draft gage. 
The gage used was of the diaphragm type and had no orifices 
or other damping devices. The moving parts of these dia- 
phragm gages have inertia and also their own period of os- 
cillation so it is not likely that the graphs are a true record 
of the furnace vibration. It is believed, however, that the in- 
dications are relative and present a comparison between two 
furnaces or for the same furnace under different conditions. 

Similar furnace draft graphs are shown in Fig. 8. These 
records are for three different furnaces located in the same plant 
and operated close to their design rating. Unit A is forced draft 
vertically fired. Units B and C are tangentially fired, C being a 
higher-capacity unit than B. The amplitudes of the furnace- 
draft graphs are in the same order as the secondary air pressures 
and the carbon losses are in inverse order to these pressures, 
this despite the fact that the combustion rates increase in the 
order A, B, and C. 
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Fig. 9 shows the graphs of primary 
and secondary air pressures for the same 
three furnaces. These are believed to 
be indicative of the degree of turbulence 
of the respective streams 

Of particular interest are the graphs 
for the primary air streams. The high 
frequency and wide amplitude of these 
vibrations appear to be characteristic 
of such streams. The same pattern of 
graph is observed in the discharge 
streams from direct-fired mills. The am- 
plitude of vibration increases with load- 
ing of the mills, that is, with increas- 
ing density of the stream. 

No explanation of these graphs is 
offered nor is any claim made except that 
they are believed to be associated with 
vibrations resulting from turbulence. 
The furnace graphs are fairly constant in 

(Continued on page 210) 









HE time has long since arrived when we should be able 
to justify the collection of accident-cause statistics on 
utilitarian grounds. It is unfortunate that, in a country 

where more than 16,000 persons die annually from industrial 
accidents and 1,500,000 more are severely injured, we do not 
know more about the causes of these accidents. It is unfortu- 
nate because accident causes are the materials out of which 
safety is made and, as a rule, today’s statistics do not supply the 
data which are necessary for preventive work. 

In reviewing national or state tabulations, we are frequently 
confronted with information which is offered as a substitute for 
‘cause’ data. It is shown, for instance, that nearly one half 
of the industrial injuries are caused by falls or while workmen 
are handling materials. 

It is, of course, interesting to know that many of the persons 
injured had falls of some kind. But there are so many places 
a man can fall from, so many places a man can fall into, so 
many objects he can fall over or against, and so many reasons 
why he might fall—including bodily and mechanical causes, 
that the mere fact there were numerous falls helps us very little, 
if at all. 

The same is true of ‘‘handling-material’’ accidents. To be 
sure, there are a great many of them. But, when we realize 
the tremendous number of materials handled, and their great 
variety, is it any wonder? Workers handle materials from the 
minute they go on the job until the final whistle blows. Like- 
wise, everyone is precariously balanced on two feet with a 
constantly shifting center of gravity through most of the work- 
ing day. The exposure to accidents from these two items is 
enormous. It would be surprising if accidents associated with 
them did not lead all others. 

The inexact use of words has also proved a serious handicap 
in accident prevention. Recent publications, from sources 
which should be considered authoritative, still list under 
‘“causes’’ not only such items as “‘falls’’ and “‘handling objects,”’ 
but ‘“‘burns,"’ ‘‘electricity,’’ and ‘‘vehicles.'’ Obviously, none 
of these items should be considered an accident cause. A fall is 
an accident; handling objects is a type of job performance; a 
burn is an injury; and electricity and vehicles are agencies, 
perhaps associated with accidental injuries. 

If these errors were only grammatical, they could be quickly 
dismissed. But they are more than that; they are mistakes 
which have been copied in industry and introduced as cause 
headings in record systems. Subsequently, such records prove 
of slight value because the reasons why the accidents happened 
do not appear. Under causes, we expect to find unsafe me- 
chanical and physical conditions, unsafe acts of workers, and 
unsafe personal factors, such as lack of training and physical 
infirmities. These would indicate specifically the needed cor- 
rective actions. 


MORE ACCURATE ACCIDENT REPORTS NEEDED 


More information concerning how and why bruises and 
fractures happen in industry is desirable. 
cured? The answer is—In industry itself. 


Where can it be pro- 
National and state 


ACCIDENT INVESTIGATION 
and CAUSE FINDING 


By EDWARD R. GRANNISS 


INDUSTRIAL DIVISION, NATIONAL CONSERVATION BUREAU, NEW YORK, N. Y. 


208 





accident statistics are published in their present form for only 
one reason; it is the only form in which accident data from 
most sources are available. If better detail is to be forth- 
coming, the improvement must originate in the accident re- 
ports now being prepared in our various plants. 

Reports of accident investigations from industrial plants, 
with some notable exceptions, are largely incomplete and their 
accuracy frequently is questionable. There are three possible 
reasons for this: (1) Desire on the part of the person who makes 
the report to conceal or obscure certain unsafe conditions for 
which he was responsible; (2) inability of the investigator to 
recognize or to describe the proper cause or causes and (3) lack 
of interest on the part of the responsible plant authorities. 

Under the laws of most states, information placed in accident 
reports concerning “‘cause’’ has no bearing whatsoever on the 
payment of claims. Specific schedules of compensation pay- 
ments, arranged in accordance with injury severity, are not 
affected by any negligence on the part of either employer or 
employee. In spite of the fact that a change was inaugurated 
nearly 30 years ago in industrial accident legislation, the in- 
fluence of an ancient regime still affects some of our accident 
reporting. 

The type of accident-cause data most affected by this back- 
ward attitude is where possible mechanical or physical pro- 
tection has not been provided. In many cases accidents happen 
because of unguarded or inadequately guarded equipment. 
But it is a fact that a careful man can work for a period of time, 
surrounded by machine or other hazards, without suffering 
accidental injury. Proper instruction and supervision will 
lengthen this period. What is more natural, then, than for a 
supervisor to report, under ‘“‘cause,’’ that the injured employee 
carelessly ignored instructions, rather than to report the poorly 
guarded condition, the correction of which was largely a matter 
of his responsibility? 

Safety directors generally agree that, where an unguarded 
condition exists, it should always be reported, and that unsafe 
acts of workers should be shown as secondary to unsafe 
physical and mechanical conditions. Possibly, the unbalanced 
accident-cause ratios of 85 per cent ascribed to unsafe acts, and 
15 per cent to unsafe physical conditions, are partially the re- 
sult of a tendency to keep unsafe machine and building condi- 
tions out of reports. 

While we cannot be sure of all the reasons for poor reporting, 
probably the inability of laymen investigators to determine 
and describe accident causes is one of its greatest weaknesses. 
To what degree of perfection accident investigations should be 
carried out has yet to be determined, and it is possibly a matter 
for local decision in accordance with each type of industrial 
work, 

One reason why the accident investigator in industry is en- 
couraged to report first the unsafe machine or building condi- 
tion is that here is one type of cause which he can be reason- 
ably sure of reporting accurately and one place where, when 
corrective measures are taken, no further accident from the 
same source should happen. With the manner of investiga- 
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tion commonly made at present and in consideration of the 
time available and the training of the average investigator, 
personal causes probably cannot be stated with the same ac- 
curacy, even though there is every reason at least for making the 
attempt. 

DIFFICULTIES OF 


DETERMINING PERSONAL CAUSES OF ACCIDENTS 


Many accidents are due to temporary emotional reactions 
that even a psychiatrist might have trouble in locating. There 
probably is a much closer relation between such common 
matters as unpaid grocery bills and industrial injuries than 
ever has been suggested in the accident records of any plant. 
No employee leaves his worries, his dreams, or any of his own 
private thoughts behind when he punches a clock in the morn- 
ing. 

Neither can the average investigator, without medical train- 
ing, be depended upon to determine with complete accuracy 
such bodily conditions as might enter into the accident cause. 
Only infrequently do we read in a report that the injured was 
unaccustomed to his new bifocals at the time of his fall, or 
that fatigue was the most important of the factors which con- 
tributed to a dropped object. Here is a field of industrial- 
accident prevention to which more attention must eventually 
be paid. 

The third weakness in accident reports arises from what is 
either a lack of interest or failure to attach sufficient importance 
to the investigation of individual accidents on the part of men 
charged with safety in the plant. It is evidenced frequently by 
a complete absence of accident reporting or in the assignment 
of such work to clerks and others who are wholly unqualified. 
This apathy, occasionally noted by national bodies and by 
state and insurance inspectors, is difficult to explain, but prob- 
ably indicates a lack of interest in safety. Callousness of at- 
titude, however, is growing less noticeable each year. 


PROCEDURE OF INVESTIGATING AN ACCIDENT 


How then should an accident be investigated (1) that its 
cause or causes may be isolated for later attention, and (2) that, 
upon being entered in the records, its cause and incidental de- 
tails may be comparable with those of other accidents from the 
same or other sources? Accidents may be investigated accord- 
ing to formula: 


1 The injury first attracts attention and its details, as far as 
they are known at the time, are written down. 

2 Note whether an object, tool, machine, building detail, 
or toxic substance was most closely associated with the injury. 

3 Determine the part of the object, such as the gears on a 
machine, which may have been involved. 

4 Was the object or its part associated with the injury be- 
cause it was unguarded, defective, in the wrong place, or other- 
wise unsafe? 

5 Then comes the identification of the accident type. Did 
the injured person fall into the machine or was he struck by the 
object previously named? 


6 Next indicate the unsafe act of a person which precipi- 
tated the selected type, the act which caused the injured to be 
caught in the unguarded gears or to slip on the oil on the floor, 
if such an act existed. 

7 Finally, the unsafe personal factor which brought about 
the unsafe act (as perhaps lack of skill or poor eyesight) is to 
be determined if possible. 


By this method, the unsafe mechanical agencies will always 
be named, as will other contributing factors, when they exist. 
This method will develop data of a type deemed necessary for 
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recording in the ‘Proposed American Standard for Compiling 
Industrial-Injury Causes.""! Thus, it would have the added 
advantage of being comparable on a state-wide or national basis, 
should we ever attain that desirable point in the compilation 
of industrial-accident statistics. 


APPLICATION OF ACCIDENT CAUSE DATA 


Now, as to the uses for cause data collected through accident 
investigations, there are, in fact, two separate applications: 
(1) Cause data may be used at the location where the accident 
happened; and (2) such data may be compiled by central 
collecting bodies, as national and state labor departments and 
the National Safety Council. The only difference should be the 
greater detail needed at the plant for immediate preventive 
measures, including names, departments, etc. 

Mass statistics on accident causes will prove useful in long- 
range accident-prevention programs. They indicate to machine 
builders, for instance, those machines or parts of machines 
which need redesigning for better safety; and they will show 
the need in particular industries for improved ventilation, 
illumination, and the like. In the individual plant, the need 
is usually more immediate, as for a certain guard on a specific 
machine or the need for providing glasses or easing financial 
worries for a certain employee. 

An investigation which at present would suffice for national 
records might fall far short in supplying preventive data in the 
plant. As an example, in three separate accidents men were 
injured by objects falling from suspended loads. The mishaps 
were all due to the violation of a common safe-practice rule 
that men shall not expose themselves to loose objects overhead. 
If many accidents were being considered, from the viewpoint of 
Mass statistics, a proper educational program would be sug- 
gested, and probably would do some good. Yet, more de- 
tailed investigation in these cases developed the need for far 
more pertinent action at the plant. In the first case, the in- 
jured man was found to have poor eyesight and did not know 
when he passed under an overhead load. In the second case, 
the employee was aware of the chance he took, but he was a 
piece-rate worker and the shortest route to his raw material 
took him under a traveling crane. Otherwise, he would have 
had to walk all around the department, taking several extra 
minutes for the round trip, which would have cut deeply into 
his day’s pay. In the third case, the injured had been told 
several times that he was not to pass under a loaded scaffold, 
but had disobeyed orders. 

Thus, in not one of the three cases was correction a matter of 
education alone, as effective investigation showed. In the 
first case, a man had poor vision, in the second the job layout 
was wrong, and in the third an employee had the wrong mental 
attitude—and needed something more drastic than instructions. 
Plant-safety supervisors, primarily, must consider their own de- 
tailed cause data and use state or national statistics for supple- 
mental guidance. 

Another example is found in a group of automobile acci- 
dents which happened at an intersection of two streets. The 
common cause was noted as ‘traveling too fast for conditions."’ 
In one case, a chauffeur was going too fast because the delivery 
schedule assigned to him allowed insufficient time; in another 
case the driver's judgment of speed was bad; another's thoughts 
were elsewhere; while still another was confused by the opera- 
tion of a new car he was not yet accustomed to driving. If we 
deal only with the immediate condition, ‘‘going too fast,”’ 
we will not correct any of the conditions inherent in the drivers, 
out of which other and different accidents are likely to occur. 


1 Refer to this document for further details; copies may be pro- 
cured from the American Standards Association, 29 West 39th Street, 
New York, N. Y. 
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There is, of course, considerable value in knowing the more 
common practices, as found in mass statistics, because there 
are ways in which men may be protected against their per- 
sonally inherent accident-producing tendencies. The first way, 
of course, is through mechanical and physical safeguards. 
Stop signs can be installed to slow up traffic at intersections. 
Guards can be installed on machines to keep abstracted opera- 
tors from putting their hands in danger zones. Unfortu- 
nately, we do not have even these data in our records, so we 
install guards as dictated by personal judgment. Safety educa- 
tion, too, helps to make men hazard-conscious and, therefore, 
to be cautious under certain circumstances. We can afford to 
relax neither of these activities while working for better acci- 
dent investigation and improved records. 


WHO SHOULD INVESTIGATE ACCIDENTS? 


The best qualified person who is able to reach the scene first 
should report an accident. Where compensation insurance is 
carried, the burden is sometimes left with the visiting inspec- 
tor. It should not be the responsibility of state or insurance 
inspectors to investigate accidents, because: (1) The causes 
may have become quite obscure and difficult to discover by the 
time an out-of-plant man makes his visit. (2) The one who 
can best ascertain the actual facts from the injured person is 
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someone who knows him and is in a position to talk about inti- 
mate things, such as family conditions, unpaid bills, etc. We 
all, naturally, have a tendency to cover ourselves with a formal 
reserve in the presence of strangers and possibly fail to admit 
that certain untoward results were caused by our own foolish 
ness, negligence, or weakness. Outside inspectors have an 
important part to play, however, in convincing plant-safety 
men of the desirability of accurate accident reports, showing 
how accidents should be investigated, how reports should be 
prepared, and records maintained. 

It would not be greatly in error to state that all we have 
learned about safety up to the present time has been acquired 
through the occurrence of accidental injuries. We learn about 
accidents only by investigating them and determining their 
causes. We are yet far from having a comprehensive knowl- 
edge of accident causes or, at least, we have failed to record 
any appreciable amount of such information, as is evidenced 
by our cause statistics. All of which suggests that industrial- 
accident prevention is still in its early childhood, despite the 
lives saved in the last 30 years. Undoubtedly, safety work has 
been delayed by ineffective accident-investigation methods. 
One way to greater progress is through more intelligent atten- 
tion to so basic a procedure as investigation of the individual 
accident. 


(Continued from page 207) 


frequency and increase in amplitude with the rate of firing. 
Primary-air density and velocity and secondary-air velocity 
also increase with rating and the vibration graphs for these 
streams show an increasing amplitude with rating. It is quite 
possible that this method is or may be developed to be a meas- 
ure of at least relative furnace turbulence. 

While this paper has been limited to turbulence in pulverized- 
coal-fired furnaces the considerations will apply with but little 
modification to gas- and oil-fired furnaces. In stoker-fired 
furnaces a large part of the combustion takes place in the fuel 
bed where the streams of air passing through the grates scrub 
through the fuel at high velocities. There is still, however, 
about half of the heat generated above the fuel bed. Here 
turbulence is necessary to break up the stratification of 
the gas which otherwise would occur. 





EAST LAKE GOLF COURSE WHERE TOURNAMENT IS TO BE HELD DURING A.S.M.E. SPRING MEETING AT ATLANTA, GA., MARCH 31—aAPRIL 3 


Improvement in combustion in internal-combustion engines 
is due in very great part to cylinder heads which have been 
specially designed and which create turbulence in the com- 
pressed gases. 

In short, wherever spee and completeness of combustion 
with minimum excess air is a requirement, turbulence is 
beneficial. 


Combustion is a chemical reaction to which the law of mass 
action applies. This law may be stated: The velocity of a 
chemical reaction is proportional to the effective concentration 
of the reactants. The modification ‘“‘effective’’ is particularly 
significant in the combustion process. Turbulence stirs up the 
mixture and permits a continual contact of the combustible and 
oxygen. It makes their concentrations effective. 


Atlanta Convention Bureau 


(This is the home golf course of the famous golfer, Bobby Jones. For details of the program arranged for the meeting, see pages 236-238. ) 
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ONSIDERABLE work has been done within the last few 
years on the development of various compressed woods. 
These compressed woods may be grouped into three 

classes, namely, ordinary compressed wood, laminated com- 
pressed wood, and resin-treated laminated, compressed wood. 
Such terms as “‘improved wood,”’ ‘‘superplywood,”’ and *‘com- 
pregnated wood"’ have been used to describe these materials. 
The latter term has been suggested for use in lieu of the cum- 
bersome term, “‘resin-treated, laminated, compressed wood.”’ 

Compressed wood has been manufactured for some time in 
Germany under the name ‘‘Lignostone’’ (1, 2).? Sears® and 
Olsen‘ hold United States patents for making similar compressed 
woods. Laminated, compressed wood is made commercially 
in Germany under the name, “‘Lignofol’’ (1,2). United States 
patents on similar materials have been issued to Olesheimer® 
and to Walsh and Watts.® Interesting mechanical tests have 
recently been made on laminated, compressed wood by Bern- 
hard, Perry, and Stern (3). Compregnated wood is made in 
the United States under the name, “‘Pregwood,’’ and in Ger- 
many it is made under the name, ‘‘Kunstharzschichtholz”’ 
(KHS). A patent of Brossman’ relates to the making of a com- 
pregnated wood. The Forest Products Laboratory has de- 
veloped a means of forming phenolformaldehyde resins within 
the intimate cell-wall structure of the wood (4). Upon assem- 
bling and compressing, veneer treated in this way gives a supe- 
rior compregnated wood which can be produced under consider- 
ably lower pressures than the ordinary compressed woods (4). 

All of these materials are compressed during the manufactur- 
ing process and are subject to a certain amount of recovery of 
compression. It is the authors’ object to present the conditions 
under which recovery occurs and the conditions under which it 
will not occur for the simplest of the three systems, namely, 
ordinary compressed wood. 


PROCEDURE OF CONDUCTING TESTS 


Most of the measurements were made on !/2 in. thick disks 
4.25 in. diam, including both the heartwood and sapwood of 
flat-sawed hickory. The average specific gravity of the heart- 
wood, based upon weight and volume when oven dry, was 0.72 
and of the sapwood 0.69. A few tests were made on ?/s-in. 
Douglas-fir disks. The general conclusions drawn from the data 
for the hickory also held for the Douglas fir, indicating that the 
general character of the results is not dependent upon the species 
of wood. 

Air-dry disks were preconditioned in humidity rooms held 
at 80 F and 30, 65, 90, and 97 per cent relative humidity, giving 

' Maintained at Madison, Wis., in cooperation with the University 
of Wisconsin. 

* Numbers in parentheses refer to the Bibliography at the end of the 

aper. 
' vo S. Patent No. 646,547, C. U. Sears, 1900. 

*U.S. Patent No. 1,981,567, A. G. Olsen, 1934. 

° U.S. Patent No. 1,707,135, L. J. Olesheimer, 1929. 

®U. S. Patent No. 1,465,383, F. J. Walsh and R. L. Watts, 1923. 

7U. S. Patent No. 1,834,895, J. R. Brossman, 1931. 


moisture contents on the basis of the dry weight of the wood of 
6, 12, 20, and 26 per cent, respectively. These disks were then 
pressed in a disk-shaped mold, into which they fitted snugly, in 
a hot press at pressures up to either 2000 or 4000 psi. Both 
pressures were above the average stress at the proportional limit 
in compression perpendicular to the grain. The compressing 
operation was done either at room temperature, 78 F, or at tem- 
peratures ranging from 266 to 338 F. 

The specimens were placed in the closed press under a negli- 
gible pressure. The temperature was brought to the desired 
value in from 5 to 10 min. The pressure was then applied in 
increments of 286 psi every 30 sec until the desired pressure was 
attained. After exerting pressure for 20 min, the press was 
cooled to room temperature, the pressure was released, and the 
specimens were removed. 

Fig. 1 shows the pressing curves for three hickory sapwood 
specimens which were preconditioned to 26 per cent moisture 
content and pressed at 78, 265, and 325 F. The upper points at 
4000 psi are for a total pressing time of 7 min, whereas, the 
lower points are for a total pressing time of 20 min. The con- 
tinued application of load increases the compression but 
slightly. Wood at the higher temperatures commences to 
compress at considerably lower pressures than wood at room 
temperature. 

Fig. 2 shows the pressing curves for three hickory sapwood 
specimens containing 6, 12, and 26 per cent moisture, respec- 
tively, all pressed at 320 F. Wood containing the higher 
moisture contents starts to compress at considerably lower pres- 
sures than wood with the lower moisture contents. The com- 
pression obtained at 4000 psi, however, varies but slightly. 

Tests showed that continued heating before or during pressing 
affects the compressibility only to the extent that moisture is 
lost. A specimen containing 12 per cent moisture was heated 
in the press at 300 F for 30 min under a negligible load. The 
specimen was removed from the press and conditioned to 26 per 
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TABLE 1 COMPRESSION PROPERTIES OF THE HEARTWOOD OF HICKORY 
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cent moisture content. Subsequent pressing gave practically involved a slight swelling which caused the release of some of 
the same compression as other specimens conditioned to 26 per the compression. 
cent moisture content which had not been preheated. Heating If, on the other hand, the wood is allowed to swell in water 
at the lower moisture contents has no tendency to reduce the after having been compressed and dried, an appreciable part of 
compressibility due to a heat set of the wood. The lowercom- the dimension decrease, which occurred during compression, is 
pressibility is entirely due to the lower moisture content. lost for many of the specimens (refer to column 7). The por- 
tion of the compression retained, increases with an increase in 
the pressing temperature and, to some extent, with an increase 
Tables 1 and 2 give a compilation of the data obtained for in moisture content. This is better illustrated in Figs. 3 and 4. 
the heartwood and the sapwood of the hickory, respectively. When the pressing is done at moisture content above 20 pert 
The first four columns give the conditions before and during the cent and at temperatures above 325 F, 80 to 100 per cent of the 
pressing. Column 5 gives the decrease in thickness resulting compression is retained. 
from the compression. The compression occurring at room Column 8 gives the radial shrinkage of the disks (the direc- 
temperature is slightly less than at the elevated temperatures. tion in which they were pressed) after swelling to equilibrium 
The moisture content of the wood has a greater effect upon the in water. The largest shrinkage in all cases corresponds to the 
compressibility at room temperature than at the higher tempera- 


PROCESS APPLIED TO HEARTWOOD AND SAPWOOD OF HICKORY 








tures. At room temperature, the deformation increases by er —— | 1 
about 56 per cent from a moisture content of 12 per cent to a SSeS Caer Ee Core 
moisture content of 26 per cent. At the higher temperatures, es lol2« » ‘ e| | 
the variation of the compressibility of the wood with changes = * , : 

in moisture content is practically within the range of experi- | | | 

mental error, since the fiber stress at the proportional limit of  — ————— 


the wood is greatly exceeded for all moisture contents. 
Several of the specimens were returned to the humidity room, 





























COMPRESSION RETAINED, PER CENT 














in which they were preconditioned, immediately after being | 4 | 

removed from the press. The compression which was retained — s tte 7h op 
under equilibrium conditions is given in column 6. The speci- a ee 

mens pressed at room temperature all lost much of their com- | J ee a 

pression, whereas, the specimens which were pressed at the T ree 7 ee fa 

higher temperatures all retained their compression within an oO! | 

accuracy of 2 per cent. Exceptions to this were specimens . ” Se a hh lL 
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which originally had a moisture content of 26 per cent. Some 


of these lost as much as 6 per cent of their compression. Thisis FIG. 3 AMOUNT OF COMPRESSION RETAINED BY HICKORY SAPWOOD 
due to the fact that these specimens lost some moisture in press- AFTER OVEN DRYING AND THEN SOAKING IN WATER 
ing so that reconditioning to.the original moisture content (Specimens pressed at different moisture contents and temperatures. ) 
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TABLE 2 COMPRESSION PROPERTIES OF THE SAPWOOD OF HICKORY 
Equilibrium : aan «Ct : Part of : : 
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largest retention of compression after soaking and drying. 
This is due to the fact that the shrinkage of wood is approxi- 
mately a direct function of the specific gravity of the wood (5). 
Wood which is permanently compressed to one half of its origi- 
nal thickness will shrink about twice the normal amount. If 
the compression of wood is entirely lost on soaking in water, 
then the shrinkage should be normal. Essentially this is the 
case for the wood compressed at room temperature. Specimens, 
which have lost intermediate amounts of their compression 
upon soaking, naturally give intermediate shrinkage values. 
Column 9 gives the tangential shrinkage from the water- 
soaked to the dry condition for some of the specimens. It is 
interesting to note that these values are the same for compressed 
wood which has lost but a small amount of the compression, 
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FIG. 4 AMOUNT OF COMPRESSION RETAINED BY HICKORY HEART- 
WOOD AFTER OVEN-DRYING AND THEN SOAKING IN WATER 


(Specimens pressed at different moisture contents and temperatures. 


compressed wood which has lost the major part of the compres- 
sion, and uncompressed wood. 


CONCLUSIONS 


The compression of wood increases with an increase in both 
the moisture content of the wood, up to fiber saturation, and 
the pressing temperature. When pressures considerably in 
excess of the fiber stress at proportional limit are applied, the 
variations in the degree of compression with variations in the 
moisture content of the wood and the pressing temperature be- 
come small. Wood, compressed at elevated temperatures, 
under high pressures and conditions which do not allow the 
moisture in the wood to be appreciably lost during the pressing, 
retains virtually all of its compression when it does not absorb 
moisture in excess of that in the wood at the time of pressing. 
Wood which contains 20 per cent or more moisture, when 
pressed at 325 F, retains at least 80 per cent of its compression 
even after soaking in water and redrying in the case of the spe- 
cies tested. Thus, it is advisable, when making ordinary com- 
pressed wood, to start with only partially seasoned wood or to 
precondition the wood to at least 20 per cent moisture content 
and to compress the wood at temperatures somewhat above 
325 F, in order to retain the maximum amount of compression 
under all kinds of exposure conditions. 
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NEMPLOYMENT has been called ‘‘the nation’s No. 1 
economic problem.’’ While the national-defense effort 
has for the present overshadowed and minimized this, 
one of the major concerns of our peacetime economy will un- 
doubtedly again center around workers who are unemployed 
because of fluctuations in business activity. 

Essential to an adequate consideration of the problem and its 
treatment is an understanding of the human aspects of employ- 
ment and unemployment—the men and women behind the sta- 
tistics. To gain this understanding, Professor Bakke and his 
staff at Yale have been gathering for a period of eight years 
(1932-1940) first-hand information about unemployed workers 
and their families in New Haven, by living for several periods 
with workers and unemployed men, by participating in their 
search for jobs, by joining in their meetings and social affairs, 
and by extensive interviewing and intensive study of a small 
group of unemployed families. 

The aim of the study was ‘‘to analyze the adjustments and 
reactions of the unemployed in the light of the fact that they 
are normal human beings possessing an array of tools for ad- 
justment presented to them by normal life in a working-class 
community.’’ As Professor Bakke points out, very little pre- 
vious research ‘‘has been undertaken in an effort to picture the un- 
employed worker and his family adjusting to the problems of 
unemployment against the background of their cultural prepara- 
tion for such adjustments."’ Herein lies the significance of this 
latest addition to the extensive literature on unemployment.? 

If this approach is accepted, it is obvious that a study of un- 
employed workers cannot begin with their experience from the 
day they became unemployed. How they adjust themselves to 
this new ‘“‘obstacle of unemployment,"’ the self-reliance with 
which they meet it, will depend upon the ‘‘equipment’’ which 
they bring from their previous experience as workers with jobs. 
What are the goals, resources, and practices which characterize 
workers generally? To what extent do these goals foster self- 
reliance or initiative, traits in which the unemployed are some- 
times said to be lacking? 

Workers, according to Professor Bakke, have three major 
goals toward which they are striving: (1) To play a number of 
socially respected roles in the community, such as a ‘‘pro- 
ducer,"’ “‘job-holder,"’ ‘‘employee of a good firm,’ ‘‘holder of 
a swell job,’ ‘‘a fellow your mates look to,”’ ‘‘a thrifty man,”’ 
“or a good provider;’’ (2) to attain a degree of economic se- 
curity involving the sort of a job and standard of living custom- 
ary among their associates; and (3) to have an increasing 
measure of control over their own affairs, as well as some under- 
standing of the broader forces that affect their lives. 

Unemployment is not the only obstacle to the attainment of 
these goals; the work experience which provides the basis for 
their realization has pitfalls, too. In fact, “what loomed up 
prominently in the memories of workers interviewed were the 
ways in which their conditions of work had retarded, rather 
than the ways in which those conditions had advanced their 





1 One of a series of reviews of current economic literature affecting 
engineering, prepared by members of the department of economics and 
social science, the Massachusetts Institute of Technology, at the re- 
quest of the Management Division of Taz American Society or Me- 
CHANICAL ENGINEERS. Opinions expressed are those of the reviewer. 

* “The Unemployed Worker’ and ‘‘Citizens Without Work,'’ both 
by E. Wight Bakke, New Haven, Conn., Yale University Press, for the 
Institute of Human Relations, 1940. 
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attempts to realize the essential demands of human beings."’ 
The hazards of the job were frequently stressed—especially 
getting along on low and irregular wages, ‘‘the threat of ma- 
chines,"’ ‘‘the pace set by the bosses.’ Frequent frustration in 
the attainment of their goals, then, had often dulled whatever 
self-reliance workers did have before becoming unemployed. 

What other resources did workers bring to a period of un- 
employment? Most of them had no more than an eighth-grade 
education and were trained for their jobs only in the factory. 
Necessity had been more compelling than choice in determining 
the occupations they entered. The ‘‘one-firm man’’ was the 
exception; there was much changing of employers and even 
occupations during working lives. ‘‘Whatever foresight they 
(workers) had learned in the expenditure of incomes was 
adapted to the distribution of meager funds over a multitude of 
necessities.” 

Efforts were made on the job to have a good employment 
record, gain a reputation for skill and ability, and even show 
some originality through making suggestions; but there was a 
conviction on the part of many workers that “‘pull’’ and ‘‘dis- 
covering the employer's whims’’ were equally important in 
providing job permanence. Foresight in obtaining financial 
security in the form of insurance, savings, owning homes, join- 
ing benefit societies, and so forth, was practiced by some, as 
was the making of helpful community contacts. 

With this background of ‘‘equipment’’ in the form of goals, 
resources, and techniques, what sorts of adjustments did work- 
ers make when they became unemployed? How did the period 
of unemployment and the social services (such as unemploy- 
ment compensation and relief) modify these goals and practices? 

Expecting re-employment by their former employer, many 
workers did not begin the job hunt immediately. When ‘‘pave- 
ment pounding”’ finally started, training useful on the job was 
of little value when the job was a search for work. The ‘‘one- 
firm man,"’ in particular, was ill-equipped to find work else- 
where. Furthermore, “employment for others creates very 
little imagination as to what a man may do ‘on his own’ when 
no one can use him. . . . Certainly it did not enter the heads of 
any but a limited few that they might create jobs by undertak- 
ing an independent venture.”’ 

If the breadwinner was unsuccessful in getting employment, 
except for odd jobs, additional members of the family frequently 
entered the labor market and found work. Other resources 
which the unemployed family could turn to were (in order of 
importance) credit, savings, charity, loans, selling or pawning 
of possessions, and cashing of insurance. Economies were made 
in various expenditures, most frequently in connection with the 
following: clothing, recreational and community activities, 
food, insurance, and rent. In view of all these adjustments, it 
is not unfair to say that ‘‘the chief burden of unemployment is 
still borne by the unemployed themselves.”’ 

Unemployment compensation was a ‘‘first line of defense”’ 
for some, but often an inadequate one. Since the size and dura- 
tion of benefits are based upon amount and regularity of a work- 
er’s previous earnings, these benefits bear no direct relation to 
the unemployed worker's need. Professor Bakke suggests sup- 
plementary benefits for a person's dependents, in order to insure 
that unemployment compensation shall ‘‘fulfill its task of keep- 
ing workers off direct relief." 

When unemployed families finally turned to relief, new tech- 
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niques of self-maintenance were developed. ‘‘Obtaining relief 
is not a simple matter. The unemployed must ‘learn the ropes’ 
if they are to receive the maximum possible assistance from this 
source.’” The necessity, if on direct relief, to make one’s self 
appear as destitute as possible in order to secure the maximum 
allowance is in direct conflict with success in providing for 
one’s family through foresight when employed and initiative 
when unemployed. Furthermore, foresight may even cause a 
person on work relief to refuse a job in private employment if 
the latter is likely to be extremely temporary and force the 
worker again to go through the difficult process of getting on 
relief. Is he to be condemned for the foresight and planning 
involved in such a choice? 

There is a further point involved here which is basic to the 
whole question of unemployment and its treatment. Can any 
form of relief ever be an acceptable substitute for a real job? 
From some quarters the charge is made that ‘‘reliefers’’ are 
regarding it as such. As we have already seen, the normal 
worker has various goals toward which he is striving, and 
these goals ‘‘are not suddenly forgotten and eliminated when 
he becomes unemployed. They may be modified but not de- 


stroyed.’’ It is obvious that an unemployed worker cannot 
continue to play some of the roles respected in the world of 
labor. ‘‘‘A producer,’ ‘the holder of a swell job,’ ‘a fellow your 


mates look to,’ ‘a good provider,’ ‘a man who never lets his 
family down,’ are clearly not terms which describe the man 
who is wandering from gate to gate begging for a chance to 
work.”’ 

Furthermore, ‘every week he fails to supply the china 
pitcher with a pay envelope increases his awareness that eco- 
nomic security is escaping him more completely, but most 
seriously attacked is his desire to control his own affairs. If 
the belief that his own qualities and decisions were an im- 
portant determiner of his own destiny could scarcely survive 
while he was working, how much chance does it have to sur- 
vive when he is ‘pounding pavements?’ "’ 

The damage done to a worker's goals by loss of a job is ob- 
viously not removed by giving direct relief. ‘‘Every goal he 
seeks to reach as a normal worker recedes further from realiza- 
tion when he turns to relief.’ He is no longer playing a so- 
cially respected role, the margin of safety involved in economic 
security is not included in the usual relief budget, and the 
worker has lost much control over his own affairs when he 
must submit to the judgment of a social worker who decides 
what he and his family shall get. The ‘‘reliefer’’ may there- 
fore try to rationalize his status, accept lower objectives, and 
develop practices designed to secure as much as possible from 
relief sources. 

As a means of preventing this form of demoralization, work 
relief is clearly superior to direct relief. ‘‘Work on projects 
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which are well done and efficiently managed increases his pres- 
tige among his fellows’’ and gives the worker a ‘‘socially 
respected role."" In providing greater economic security and 
giving a greater measure of control over one’s own affairs, work 
relief is also preferable. 

‘“Boondoggling’’ and ‘“‘leaning on shovels,’’ however, are 
common expressions with some justification. Can work relief 
be improved in quality and supervision? This is a question 
never clearly faced by critics of the W.P.A. In so far as relief 
projects involve certain useful undertakings and provide steady 
jobs, they may attract men from less desirable forms of private 
employment. In so far as they remain as stopgaps for emer- 
gencies, ‘poor quality of product and inefficiency of operation 
are all but inherent.’ The quality of labor available is often 
substandard, the more competent workers are continually leav- 
ing for private jobs, promotion and discharge as means of re- 
warding good work or punishing bad performance cannot be 
used as they are in private employment, work schedules must 
frequently be rearranged for constantly shifting groups of men 
with varying skills, and the best supervisors are already em- 
ployed elsewhere. Some defects could be remedied, ‘‘yet when 
all possible improvements have been made, work relief will 
offer men superior opportunity to appear before their fellows 
in a role which is respected only by comparison with the mar- 
ginal jobs offered by private enterprise, and with the definitely 
inferior status available to one on direct relief."’ 

The view that men on work relief are a permanent group, 
however, does not stand investigation. Professor Bakke re- 
ports that ‘‘in the eight years covered by this study I have 
been able to locate exactly two unemployed workers whose 
attitude coincided without important modifications with the 
stories (of turning down private employment in order to stay 
on W.P.A.) told about them by middle-class individuals . . . 
Men and women are continually leaving for private employ- 
ment, and every man whom we have talked to—and we have 
talked to hundreds of them on these projects—indicated that 
the minute a job is offered which promises any degree of secur- 
ity, Or status, or permanence, there will be no lack of takers 
for it.” 

If one is convinced by Professor Bakke’s findings, the conclu- 
sion is inescapable that some of our public policy on direct 
relief, W.P.A., and unemployment compensation has been 
badly conceived and executed. Not the least of the difficulties 
in the way of an effective program of unemployment relief is the 
opposition of those persons who lack an adequate understand- 
ing of the unemployed worker seen in relation to his goals, re- 
sources, and practices growing out of previous employment. 
It might be a clarifying experience if some of the defenders of 
the so-called ‘“‘American way’’ of handling unemployment 
could read Professor Bakke’s two books. 
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Problems of 1941 


THE NATIONAL CITY BANK OF NEW YORK 


HE problems of 1941, according to the January, 1941, 

newsletter of The National City Bank of New York, fall 
into two parts. The first is to get a job done, namely, to pro- 
vide all the armament, shipping, and supplies that are needed 
by this country and Great Britain as quickly as possible. The 
second is to control the effects of the augmented demands so as 
to restrain inflationary tendencies. Some observers conclude 
that these problems in fact are identical—that both can be 
solved by a diversion of production from passenger automobiles, 
mechanical refrigerators, and other consumers’ durable goods 
into planes, guns, and tanks, together with appropriate taxa- 
tion to absorb for defense needs the income which otherwise 
would have been spent on automobiles and other goods. 

This, however, is an oversimplification of the problem. Cur- 
rent comment suggests that the extent to which planes, tanks, 
and guns can be made in plants designed for other purposes, and 
the readiness with which peacetime plants can be converted, is 
frequently overestimated. This is one of the factors, foreseen 
from the beginning, which causes disappointment with defense 
progress. Mr. Sloan of General Motors in an address within 
the last month (December) stated that only 10 to 15 per cent 
of the machinery and equipment of an automobile factory can be 
used for turning out such products. 

Industrialists and officials charged with the defense effort 
agree that while the peacetime industries should be mobilized 
to the utmost, the final machine operations and assembly of 
armaments require, to a considerable extent, plants and ma- 
chinery built for that purpose. When these plants are ready 
and tooled up, they must and will draw upon other industries 
for parts and accessories, either in semifinished form or ready for 
final assembly. But the armament-plant construction pro- 
gram has not reached that stage. Mr. Knudsen in his speech 
to the National Association of Manufacturers on December 13 
estimated roughly that “‘we are 20 to 25 per cent tooled up 
now. * * ***T forecast that with your help we could be 80 
per cent tooled up by April and the balance by May 31. This is 
naturally an over-all figure which cannot be applied to specific 
items but I consider it possible to attain. I ask you to help get 
ly 

MACHINERY THE KEY 

The machine-tool industry doubled its production in 1940 as 
compared with 1939 from $200,000,000 to $400,000,000; and 
in 1941 expects to produce $600,000,000 or more. Mr. Knudsen, 
while asking for still more, has warmly commended this per- 
formance. Increased output is being accomplished by plant 
expansion, installation of new equipment, subcontracting, and 
training large numbers of new men in order to operate equip- 
ment as continuously as possible. The National Machine Tool 
Builders’ Association states that nearly half of the nation's 
machine-tool employees today have been trained on the job 
since September, 1939. 

Machine-tool producers have agreed that their output can be 
speeded further, but call for a more definite program and sched- 
uling. Their criticisms of the defense effort, and those of others 


best qualified to judge, concern chiefly the inadequacy of plan- 
ning and coordination, not only to speed expansion, but to pro- 
mote subcontracting and to make the most effective use of ex- 
isting tools. 

Study is under way of plans for a vast joint contribution by 
the automobile and parts industries, and the tool and die makers 
ordinarily employed by them, toward an airplane-construction 
program wholly outside the existing aviation industry. That 
these plants can make a great contribution to the airplane pro- 
gram in due time, and that their resources should be utilized 
with all speed, cannot be doubted. A heavy bomber, however, 
is said to contain 25,000 parts. Many are made of materials 
which the automotive industry does not even use to any great 
extent, and by processes and methods wholly foreign to auto- 
mobile manufacture. Even if the automobile plants within a 
short time could turn out 24,000 of these parts there would still 
be no finished bombers until machines to make the other thou- 
sand parts and plants for final assembly could be completed. 
The study being made may evolve a practicable plan, but the 
question is not one for laymen to judge. 

Between the two problems of getting the job done and con- 
trolling inflationary forces, there is a separation in point of 
time. The second will become more pressing as the first is 
solved. As armament plants and equipment are completed, and 
existing industries are called upon to supply them with parts 
and materials, it will become possible to determine whether 
those who say, figuratively, that we should give up butter to 
have guns are correct, or whether it is truly possible to have 
both guns and butter through more complete and efficient 
mobilization of our industrial resources. 

Everyone will hope that the challenge, embodied in the need 
for both guns and butter, will be met; and from the standpoint 
of raw-material supplies, capital and credit, and potential labor 
force, given adequate training programs and cooperation, the 
goal is not beyond reach. However, ‘‘business as usual’’ will 
not get the job done on time. It is only prudent to prepare for 
priorities and sacrifices and for measures to counter inflationary 
trends—first, to make the armament program effective, and sec- 
ond because inflationary demands allowed to run unchecked 
would lead to disaster. 


National-Defense Issues 


THE BROOKINGS INSTITUTION 


UNDAMENTAL economic issues in national defense are 

examined by Harold G. Moulton, president, The Brookings 
Institution, in a pamphlet devoted to this subject recently issued 
by the Institution. Dr. Moulton asks four questions: 


1 Will the national-defense program require extensive read- 
justments in the economic life of the nation? 

2 Can the defense program be financed without an enormous 
increase in the public debt? 

3 Is it possible to carry through the defense program with 
out a great inflation of commodity prices? 

4 Are we inevitably faced with a catastrophic collapse at 
the end of the war? 


Dr. Moulton’s pamphlet is an attempt to summarize briefly 
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the factors, as he sees them, upon which answers to these ques- 
tions depend. Without attempting to repeat the summaries of 
these factors as Dr. Moulton presents them, the answers, sub- 
stantially in his own words, follow: 

1 The conclusion from the discussion of question 1 is that 
the magnitude of the program is not such as to require a pro- 
found disorganization of the economic system or a reduction of 
living standards for the masses. In the first stage of the pre- 
paredness program an appreciable expansion of consumer in- 
come is possible without handicapping the defense program. 
But as we pass from the first to the second stage, further expan- 
sion of consumer income must be restrained in the interests of 
rapid and economical mobilization; and in some lines consump- 
tion must be reduced in order to permit increased output of war 
supplies. It is obvious that curtailment of the production of 
consumer goods should not be made prematurely—for that 
would involve needless loss of consumer income and waste of 
resources. It is equally obvious that the decision to make 
necessary shifts should not be deferred so long that it will im- 
pede the war production program. Decision is necessary now 
with respect to the vital issue of additional plant capacity versus 
conversion. 

2 The answer to the question whether the defense program 
can be financed without a great increase in public debt is yes. 
It is, moreover, of the utmost importance from the standpoint 
of future financial and economic stability that we should achieve 
a balanced budget during this period of high national income. 

3 The answer to the question whether commodity-price 
inflation is economically necessary is mo. If any substantial 
rise in the general level of prices occurs, it will be because of 
a lack of adequate understanding of the sources of price dis- 
turbance and the consequent failure to adopt sound national 
policies and wise administrative procedures. It will not be 
because of any inherent economic necessity. Whether the 
primary sources of price disturbance will be adequately con- 
trolled of course remains to be seen. 

4 The answer to the question whether economic disaster is 
inevitable at the end of the war will depend chiefly upon how 
successful we are in maintaining economic and financial stabil- 
ity during the emergency. 

The pamphlet concludes with the following observations: 

The questions which were considered in Dr. Moulton’s analy- 
sis involve basic issues of national economic policy. They are, 
he says, ultimately of more fundamental importance than the 
technical and industrial problems involved in accelerating the 
production of war supplies with which we have thus far been 
chiefly concerned. Up to now the nature of the problem has 
been comparatively simple. The primary task has been to take 
up the slack in existing establishments and to expand produc- 
tion facilities in certain specified lines. From now on—as the 
war effort expands and the industrial slack disappears—the 
problem becomes complex. We shall be confronted, increas- 
ingly, with underlying problems of financial and economic 
policy, and in the end the efficiency of the war production pro- 
gram itself will largely depend upon the speed and the wisdom 
with which these basic issues of national policy are settled. 

These general economic and financial factors in the situation 
are not only far-reaching and ramifying in character but 
they are also interrelated. Since not only production problems but 
also monetary, banking, fiscal, labor, and consumption prob- 
lems are involved, they cannot be effectively handled on a piece- 
meal or isolated basis. Such a procedure, as World War experi- 
ence so clearly demonstrated, leads to inevitable conflicts which 
seriously retard the mobilization process. What is required is 
a national program which will effectively coordinate these 
various elements into an integrated and harmonious national 
policy. Only thus shall we be able to adjust national consump- 
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tion in the interests of national defense. Only thus shall we 
be able to maintain financial stability. Only thus shall we be 
able to prevent a serious inflation of prices. Only thus shall 
we be able to carry through the defense program with maximum 
speed and efficiency. Only thus shall we be able to minimize 
the difficulties inherent in postwar readjustments. 

The formulation and coordination of national economic 
policies along the lines indicated obviously lie beyond the 
power, if not the purview, of the Office of Production Manage- 
ment and of the Advisory Commission to the Council of Na- 
tional Defense. Nor can the problem be properly handled by 
any one of the various financial agencies of the government. 
Close cooperation among a number of administrative agencies 
will be required; and since legislation is essential, Congress 
must participate in the development of the program. 

The situation does not, however, appear to require the estab- 
lishment of any new administrative agency or the setting up of 
additional formal machinery. It merely requires effective team 
work, under the leadership of the President, among such 
agencies as the following: the Treasury, the Board of Governors 
of the Federal Reserve System, the Federal Loan Agency, the 
House Ways and Means Committee, the Senate Finance Com- 
mittee, the Office of Production Management, and the Advisory 
Commission to the Council of National Defense. 

With the adoption of sound economic policies and the de- 
velopment of a coordinated national program, there would be 
reason for confidence that the defense program could be speedily 
and effectively carried to completion. Since the magnitude of 
the requirements—so far as they can now be foreseen—is not 
such as to necessitate profound dislocations in the economic 
and financial system, there would also be reason for believing 
that the problems of postwar readjustment might be success- 
fully met. 


Labor in Great Britain 


THE INSTITUTION OF PRODUCTION ENGINEERS 


HE War Emergency Committee of The Institution of Pro- 

duction Engineers presents in the November, 1940, issue of 
the Journal of the Institution a ‘‘Memorandum on the Efficient 
Utilization of Labor Under War Conditions,’’ which is quoted 
substantially in full in what follows: 

An outstanding difficulty with which all production execu- 
tives are called upon to deal is that of obtaining an adequate 
supply of skilled mechanics to meet the requirements of muni- 
tions product programs. Prior to the war it was known that 
the supply of skilled labor was inadequate to meet the reason- 
ably balanced requirements of peacetime manufacturing pro- 
grams, while the outbreak of war, in which mechanization has 
become a deciding factor, has created a demand for such labor 
out of all proportion to the normal requirements of industry. 
The change in the nature of product requirements with its con- 
centrated and heavily increased demands for such items as air- 
craft, tanks, guns, shells, etc., has also completely upset the 
balance of types of skilled-labor requirements. 

Many men highly skilled in their normal sphere of operations 
are now totally unsuitable without further training and experi- 
ence for use on specialized operations essential to the produc- 
tion of munitions. The change in product has also made many 
existing machine tools redundant, and a huge program of 
machine-tool manufacture has in consequence had to be under- 
taken, the production of which has absorbed a large amount of 
highly skilled labor. 

Much of the existing stock of tools and equipment suitable 
for the manufacture of normal products has become a frozen 
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asset due to its unsuitability for munitions production, while 
the change-over to munitions has created a demand for jigs, 
tools, gages, and equipment of a special nature which has had 
to be designed and manufactured in sufficient quantity to meet 
production requirements and to build up replacement stocks. 

This program has placed an almost overwhelming load on 
the tool and equipment manufacturing organizations through- 
out the country, and has vastly increased their demands for the 
highest grades of skilled labor. 

The mechanization of the fighting forces has also created a 
demand for skilled mechanics for the purpose of repair and 
maintenance of its mechanical equipment, and as the supply of 
such equipment increases so will the demand for labor for its 
repair and maintenance increase. The problem, for which a 
solution has to be found, is one of ever-increasing demands for 
skilled engineering labor with a totally inadequate supply 
from which it can be drawn. 

Past experience proves that skilled labor can only be pro- 
duced by going through a long course of training and practical 
application, and it is obvious that the time factor precludes any 
possibility of obtaining, by the use of normal methods of re- 
cruitment and training, any increase of the higher grades of 
skilled labor of sufficient magnitude to meet present require- 
ments..... 

The objective should be to make the task fit the type of labor 
available rather than wait until labor is trained to a standard 
suitable to handle the ordinarily accepted layout of operations. 

It is agreed that, according to the normal standards of indus- 
trial requirement, labor is graded to deal with the allotted tasks 
in a most efficient manner, and it therefore follows that without 
further drastic analysis and breakdown of operations with a 
view to simplification of tasks, the distribution of existing 
skilled-labor forces cannot be materially improved. 

An important contribution to the problem of redistribution 
can, of course, be made by promoting or upgrading labor to 
perform tasks of a higher grade after a shorter period of experi- 
ence than would normally be considered necessary. 

This method does not, however, insure the full and efficient 
utilization of the acquired skill of operators, neither does it 
assist directly in the absorption of the available mass of un- 
trained labor which must be regarded as the raw material of 
the labor-supply phase of industry. Nevertheless, such promo- 
tion and upgrading should be carried out to the fullest possible 
extent and can be regarded as a forcing ground for the produc- 
tion of labor capable of handling the higher-grade skilled 
operations. 

The grade of labor allocated to any particular operation in 
the engineering industry is determined by the degree of skill 
necessary to the performance of some particular portion of that 
operation. Keen analysis of such operations will more often 
than not reveal possibilities of segregating those portions re- 
quiring a high degree of skill in performance, the remaining 
portion being such as can be carried out by operators of a lower 
degree of skill. This applies to practically all operations in the 
manufacture of engineering products but applies with par- 
ticular emphasis to machining operations. Since the shortage 
of skilled labor is particularly acute in that field it is vitally 
necessary to insure, in so far as is practicable, that operations are 
split in such a way that the tasks assigned to the higher grades 
of skilled labor are appropriate to their skill and training. 

It may be argued that the double or triple handling of a piece 
due to the splitting of operations means an increase in the 
number of man-hours taken to handle a given amount of prod- 
uct. In some cases this may be true, but it must be regarded as 
practicable to do so if a larger over-all output can be achieved 
owing to the absorption of additional labor of a lower degree 
of training and experience. 
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Experience has, however, proved that in many cases sub- 
division of operations has actually increased output from a 
given amount of plant and has also enabled lower-grade ma- 
chinery to be used with maximum efficiency. 

Machinery of a low-grade type unsuitable for finishing opera- 
tions can be used for roughing and semifinishing operations, 
using much heavier feeds than would be practicable on machines 
which must be maintained in a suitable condition for carrying 
out precision finishing operations. 

The subdivision of operations cannot be carried out success 
fully by haphazard methods, but must be subject to carefully 
planned analysis with a view to setting out the processes in a 
manner calculated to produce a series of graded tasks. 

Efficient planning along these lines should produce task 
grading of the flow type by means of which it should be pos- 
sible to absorb inexperienced labor for the simpler task and by 
easy stages of progression to bring it along through the semi- 
skilled range until it is capable of carrying out the lower- 
gradeskilledtasks. Thismethod of operation planning simplifies 
the problem of tuition of trainee labor, and the provision of in- 
structors for the purpose of giving such training, as existing 
labor with the assistance of toolsetters, chargehands, and fore- 
men will be found capable of coaching labor through the simple 
stages of progression. 

Existing operators capable of setting up their own machines 
can be rapidly upgraded to the rank of toolsetters and the 
breakdown of operations into simpler elements will be found 
to be of great assistance in this direction, and progress will be 
more rapid than would be the case if setups of a more compli- 
cated nature had to be made. 

The centralized grinding of all tools and cutters should be 
planned and will be found to be the most economical and satis- 
factory method of tool maintenance. The policy of production 
simplification should be applied to all phases of production and 
such things as the provision of dummy setting pieces for 
roughing and semifinishing operations, when handling work 
of a repetitive nature, will be found advantageous and of great 
assistance in the quick resetting of tools. 

It is also good practice in the case of upgrading of toolsetters 
to provide a sample finished workpiece to assist them in read- 
ing component-part drawings, and this will often avoid mis- 
takes and scrap work. 

The question of the provision of such aids to production 
simplification as special jigs, fixtures, tools, and gages need not 
be stressed, but even in this connection the carefully planned 
subdivision of operations can be of assistance. A jig or fixture 
for complicated operation may be of a costly nature both in 
money and in man-hours taken in its manufacture, but sub- 
division of the operation and the provision of simple jigs or 
fixtures to handle a section of the operation will, in the case 
of existing jigs, enable increased output to be obtained at a 
lower tool cost. In the case of new work it should simplify 
design and cheapen the manufacture of jigs and fixtures and at 
the same time enable labor of a lower grade to be used for the 
less important sections of the operation. It is, however, vital 
that due consideration be given to the provision of proper loca- 
tion and datum points when designing such a sequence, of 
the desired final accuracy of the product may be affected and 
the principle of simplification unjustifiably blamed for the error. 

The problems of production executives in applying the proc- 
ess of simplification of manufacture are infinitely variable, 
depending upon the type of product and the volume in which 
it is to be produced; it would therefore serve no useful purpose 
to give details of particular applications in any field of engineer- 
ing production technique. It can, however, be stated that the 
same fundamental principles apply whatever the product and 
whatever the volume of product may be. 
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Planned and coordinated action with a view to simplification 
of complex operations must inevitably simplify the problem of 
utilization and training of the abundant supply of untrained 
labor for the lower-grade tasks. It should also enable the ex- 
isting skilled labor to be redistributed to handle a largely in- 
creased volume of production as such labor would only be used 

, to carry out tasks to which such skill is essential. 

The production principles enunciated are in everyday use in 
all engineering works to a greater or lesser degree, and the only 
divergence from existing practice now suggested is that opera- 
tion simplification shall be carried out to a degree far in excess 
of what is necessary under ordinary industrial conditions, and 
that the absorption and training of unskilled labor shall be 
accelerated. Sound common sense, cooperation between labor 
and industry along the lines suggested, together with the train- 
ing schemes of the Ministry of Labor, should go far toward 
solving the labor problems of the country. 


Measuring Piston Temperatures 


S.A.E. JOURNAL 

AS instrument for the continuous measurement of piston 
temperatures is described in an article by Arthur F. 

Underwood and A. A. Catlin, of the research laboratories 

division, General Motors Corporation, in the S.A.E. Journal 

for January, 1941. 

The general methods of installing thermocouples in both the 
aluminum and cast-iron Diesel-engine pistons are shown in 
Fig. 1. Numerous variations of the installations shown have 
been used. Each design of piston has presented its own in- 
stallation problems. It is imperative that the lead wires from 
the thermocouples be secured tautly to the piston to prevent 
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them from fatiguing and causing an open circuit. They also 
must be well insulated. Cotton-covered enameled wire soon 
chafes through, causing a short circuit. Rubber insulation is 


likewise unsatisfactory even when covered with an impregnated 
cotton loom. The use of double ‘‘spaghetti’’ covering has been 
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FIG. 2 PISTON THERMOCOUPLE CONTACTOR 

quite satisfactory, but it chars readily at elevated temperatures. 

Surprisingly, the installation of the thermocouples has been the 

most troublesome part of this temperature-measuring scheme. 
The contactor shown in Fig. 2 was used to complete the elec- 
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FIG. } FINAL DESIGN OF CONTACTS FOR INSTRUMENT FOR CON- 


TINUOUS MEASUREMENT OF PISTON TEMPERATURES 


trical circuit. One pair of contact points was mounted in a 
bakelite block which was fastened securely to the lower edge 
of the piston skirt below the wrist-pin boss. A second pair of 
points was mounted likewise in a bakelite block mounted on a 
bracket attached rigidly to the cylinder liner. This second pair 
of points was spring-loaded in the vertical plane with the poten- 
tiometer lead wires connected to them through the springs. 
Thus, it can be seen that the thermocouple circuit will be 
closed at the bottom of each stroke and that, with the galva- 
nometer as an indicator, it is possible to balance the voltages 
and read the temperatures as in an ordinary arrangement. 

To have a thoroughly practical instrument, it was proposed 
that one should be developed that would run 10,000 miles with- 
out attention. The first requirement was to remove the porce- 
lain cement. Inquiry brought out the fact that a cement which 
would withstand the high temperature and be free from mineral 
filler could not be obtained; therefore, it seemed best to remove 
the thermocouple wire from the hot piston surface so that an 
ordinary gasket cement could be used. Secondly, the life of the 
contacts would have to be extended. 

The final design is shown in Fig. 3. By use of the ‘‘wish- 
bone’’ supports made of spring wire and snapped into place, the 
thermocouple wire is led away from the hot piston head. It 
has been the practice to wind the thermocouple wires around 
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the steel wire, lash with fish line, and cement together with a 
gasket cement such as ‘‘gasoila."’ The ‘‘wishbone’’ also can 
be made of tubing and the thermocouple wires led down the 
center. To fill the core with cement, a vacuum is applied to one 
end of the tube. Of course, the location in which it is desired 
to place the thermocouple will determine the actual shape of 
the “‘wishbone.”’ 

A silver alloy, Elkonium No. 1, has been found to be per- 
fectly suited for the contacts. This material is furnished as 
contact points and in strips '/, X 6 X 0.030 in. The points are 
pressed into holes drilled at the ends of the bolts which go 
through the insulating block on the piston. A soft solder is 
used to ‘‘sweat’’ the slides to the heat-treated steel spring. All 
wire connections must be soldered thoroughly. 

The steel springs are made to have a deflection of 0.010 in. 
with an 8 to 10-oz pull at the center of the sliding surface. It 
has been found that this rate gives a spring that has long con- 
tact life and that has no undesirable vibration period. Dimen- 
sions of the spring will depend on the particular application 
which may require a longer or shorter length. 

For speeds up to 4000 rpm, a contact angle of 70-80 deg of 
crankshaft rotation has been used. In the case of a 3%/4-in- 
stroke engine, this amounts to a sliding contact on the silver 
strip of about */s in. 

A production engine fitted with this setup has been run 
25,000 miles at 60 mph on a dynamometer with no attention or 
adjustments, thereby demonstrating the endurance and prac- 
ticability of the device. Several laboratory test engines also 
have been equipped with the apparatus for investigating piston 
design up to 4000 rpm and for fuel study. A test car has shown 
that measurements can be made continuously on the road. 


Power and Combustion 


THE INSTITUTION OF MECHANICAL ENGINEERS 


Lecture of The 
‘‘Power and Com- 


HE twenty-seventh Thomas Hawksley 

Institution of Mechanical Engineers, 
bustion,"’ was delivered by A. C. G. Egerton, professor of 
chemical technology, Imperial College of Science and Tech- 
nology, South Kensington, and secretary, the Royal Society, 
on November 15, 1940. 
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TABLE 1 SOURCES OF POWER 


Power, hp 
Solar radiation. . 
Solar radiation received by ‘earth's s Outer atmosphere. 
“Effective inflow’’ of solar radiation. . 
Power dissipated by tides..... 
Power dissipated by lightning. . 


10? 
10!4 
10!4 
10° 
From xX 1 
toz X I 
Rough estimate of power seen ¢ to radiant en- 
ergy assimilated to plant life. . 
Power corresponding to present rate of use of coal ‘and 
1@) 


my 3 


* Converted from total calories used per annum. The world pro- 
duction of electric power (1927) has been estimated as 3.10’ hp. The 
world’s available electric power, if all the coal and oil won were used 
for its generation, was estimated as 2.2 X 108 hp. 


Professor Egerton’s first task is to examine and discuss the 
sources of power which he eventually summarizes in Table 
and presents diagrammatically in Fig. 4. This is followed by a 
section on combustion. 

In his summary, Professor Egerton says: 

At the beginning of this lecture the various ways in which 
power was derived from the sun were discussed, and the meas 
ure was taken of the power which is at present used. Before 
ending we will look at one more diagram, Fig. 5. 

We came to the conclusion that for the whole world the 
total mechanical work performed by the manual worker and 
by his horses and his oxen is not much less than the total 
amount of power generated from the burning of fuel and from 
water power. This work is performed at the expense of energy 
of foodstuffs got by agriculture (i.e., through photosynthesis) 
The human being eats on the average quite twenty times the 
energy in the form of food that he performs as work. One 
worker on the land, however, can produce (on the average in 
Great Britain) food enough for ten, so producing food alone the 
population could go on increasing to a limit which would de 
pend on the area and productivity of the soil. If fuels are 
also won, metals can be got and goods can be manufactured 
and sold in exchange for food, and the population can grow 
still further. The food-fuel cycle is the very basis of our mate 
rial economy. The object of fuels is twofold, to provide 
warmth and to supplement human labor. 

In Fig. 5 the endeavor is made 
to summarize human activity 
Starting from the center, solar 
radiation provides stored prod 
ucts and cultivated products 
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rent are essentials to life, and 

to this could be added light and transport. Some of these 
essentials are got through fuels, some through treatment of 
agricultural products. In some cases it is more suitable to 
break down the agricultural product, in other cases to build 
up from the fuel—for instance, alcohol made from cracked 
gases from oil now competes with fermentation alcohol. Ace- 
tone, as a by-product from the oil industry or carbide industry, 
has replaced acetone as a by-product of wood distillation. To 
build up a food from coal is not yet an economic proposition, 
and I doubt whether it would ever conduce to happiness. In 
tilling the land, in riding the seas, there is happiness eternal, 
and there can be no general prosperity so long as agriculture 
as a whole is depressed. 

A fuel is unnecessary (except in providing warmth) unless it 
is helping to supplement human labor, if it takes more labor 
to win the fuel than that which it can supplement, it is not 
worth the winning, and therefore a basically uneconomic 
process. 

It has been suggested that the price of wheat should be 
controlled internationally; the yield of wheat per acre taken 
the world over is nearly constant, and yet its price fluctuates 
exceedingly, and production becomes completely out of bal- 
ance with consumption. This whole question has been closely 
studied in a recent book by P. de Hevesy, “‘World Wheat Plan- 
ning.’” Wheat is the key food. Economists might consider, 
too, some control of the primary fuels. With control of these 
two factors, the material economy of the world might be run 
much more smoothly than it has been in the past, and freedom 
and competition could be allowed in all other activities. It 
cannot be right that the world’s store should be ravaged by the 
most active thief, who gets to the shelves after murderous as- 
saults. It is also clear that as much power as possible should 
be derived from the riches that the sun showers on us continu- 


ally—60,000 times as much as the energy we at present use— 
rather than by depleting our inherited stores so fast. It 
seems to me that in our present economy insufficient differ- 
ence is drawn between using up real irreplaceable capital and 
the replaceable products which the sun showers on the earth. 

It is with the object of drawing attention to these matters 
that I have tried to sketch in some perspective the fundamental 
facts and figures upon which our material existence depends. 
Admittedly many of the figures are only rough estimates, but 
if they incite others to delve deeper and get the basis of our 
material economy more accurately assessed, I shall be happy in 
my mistakes. There will come a time, and I hope soon, when 
we must needs look to the future. 


“Father of the Cyclotron” 


SCIENCE 


T a dinner of the American Physical Society and Section 
B of the American Association for the Advancement of 
Science, the Duddell Medal of the Physical Society of London 
was presented to Ernest Lawrence, “physicist, engineer, team 
leader, good colleague, Comstock Prizeman, Nobel Laureate,”’ 
as he was designated by Prof. R. H. Fowler, of the University 
of Cambridge, who delivered the address, *‘Professor Lawrence 
and the Development of the Cyclotron.’’ Professor Fowler 
closed his address, reported in Science, Jan. 24, 1941, with the 
following words: 

We hail Lawrence, therefore, as one of the great toolmakers 
of our time for his gift to us of the cyclotron. Looking back as 
a physicist, or if you prefer more strictly as an atomic physi- 
cist, over the years within my own experience, I can think of 
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few new tools of comparable importance primarily developed 
by one individual. The cloud chamber of C. T. R. Wilson is 
certainly one, and perhaps the mass spectrograph of Astor. 
Other great tools, for example, optical and X-ray spectrographs, 
have been from the first the work of many independent hands. 
But when one contemplates the wide fields which are coming 
to depend on the cyclotron one is tempted to believe that it will 
prove to be the great tool of our times. Incidentally, to be 
frivolous for a moment, it is the one major tool of which, 
to my knowledge, the Cavendish Laboratory ever made a 
Chinese copy. 

A great toolmaker is a high estate, but we should do Law- 
rence scant justice if we did not hail him as a great team leader 
too. He has inspired and driven a remarkable team of work- 
ers—in these days in enterprises of such magnitude and com- 
plication the power to organize such cooperative efforts and to 
get the best from a team is an essential quality in the out- 
standing physicist. At least one major discovery is credited in 
the Cavendish to the toe of Rutherford’s boot. I fancy that 
Lawrence's boot has an equally good toe and have no doubt 
that he uses it with judgment—I hope with equal success—as 
the great team leader must. 

The English-speaking democracies may well contemplate 
with some pride the part that their outstanding scientific lead- 
ers have played in building modern science, and not least that 
wing of the building devoted to physics and engineering— 
which physicists, chemists, engineers, and an odd mathe- 
matician or two have combined to glorify. Each of us will 
have our own pet list of heroes in this group. All these lists 
will be different and I shall not invite criticism by giving you 
mine. But I think we shall all soon agree that on this list the 
father of the cyclotron will hold an honored place. 


Electrocoated Pile Fabrics 


INDUSTRIAL AND ENGINEERING CHEMISTRY 


HE electrostatic process as applied to the manufacture of 

pile fabrics was described by N. E. Oglesby and L. E. 
Hoogstoel, of the Behr-Manning Corporation, Troy, N. Y., in 
an article that appeared in the December, 1940, issue of Indus- 
trial and Engineering Chemistry. 

According to the authors, success of the process in sandpaper 
manufacture indicated its possible usefulness in textiles. The 
method is illustrated schematically in Fig. 6. 

An adhesively coated backing is fed continuously between a 
pair of electrodes, A and B, with the backing adjacent to the 
upper electrode and with the adhesively coated side facing 
downward. Abrasive grains are fed between the electrodes by 
a continuously moving belt which travels adjacent to the lower 
electrode A, with the grain on the belt facing the adhesively 
coated backing. One electrode is grounded while the other is 
connected to a source of high potential. The potential is usu- 
ally of the order of 10,000 to 25,000 volts per cm of electrode 
spacing. The abrasive grains are charged with the sign of the 
bottom electrode, stand erect with their long axes parallel to 
the lines of force between the two electrodes, and, when suf- 
ficiently charged, are propelled to the adhesively coated backing 
sheet and are embedded in the adhesive with their long axes 
perpendicular to the backing sheet. Furthermore, since the 
grains are charged with the same sign, they repel one another 
and are for this reason uniformly distributed on the backing 
sheet. 

In coating textile fabrics one of two methods is used—a pul- 
sating or interrupted direct potential, or an alternating poten- 
tial. Of the two, the latter is preferred. Under the influence of 
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FIG. 6 ELECTRODE ARRANGEMENT FOR ELECTROCOATING SAND 
PAPER 


A Negative electrode E Conveyer belt carrying loose grain 

B Positive electrode F Paper with glue side down 

C, D Lines of electrical force G Abrasive grain embedded verti- 
cally in glued surface 


an alternating potential the sign of the charge on the electrodes 
and on the particles is repeatedly reversed so that the particles 
bound backward and forward between the electrodes without 
““treeing’’ and becoming inactive as is the case where an un- 
varying unidirectional potential is impressed upon the electrodes. 

There is an important difference between abrasive grains 
and textile fibers. Abrasive grains are dense, nonabsorbent, and 
relatively unaffected by moisture. Textile fibers, on the 
other hand, may absorb large quantities of water and vary de- 
cidedly in their electrical characteristics, depending upon their 
water content. Successful coating of pile fabrics by the electro- 
static method, therefore, requires that there be reasonable con- 
trol of the water content of the textile fibers. Furthermore, as 
in all textile work, it is desirable that there be some control of 
humidity. 

In order to obtain good coatings of highest density and uni 
formity of appearance, the textile fibers should be cut to uni- 
form lengths. This is a sizable development in itself. Further- 
more, aside from the effect on density of coating, the cutting of 
the fibers to uniform length is more economical than subse- 
quently shearing nonuniform coated fibers to obtain a level pile 
surface effect. Control of uniformity of cut is attained by re- 
peated testing during the cutting operation which consists in 
making distribution curves of the fibers as cut. 

The first commercial use of the electrocoating process in the 
formation of pile fibers was in the manufacture of dress goods 
sold under the name ‘‘Fibredown."’ In running goods of the 
Fibredown type the adhesive is applied with a stencil or other 
means in the form of the pattern desired, the fibers are electro- 
statically propelled into the adhesive, and the adhesive is cured 
in conventional festoons. A number of fibers may be used—for 
instance, cotton or rayon. As previously pointed out, they are 
cut to uniform length before the coating operations, and may 
be either dyed or undyed. So far, Fibredown has been sold 
with white fibers only, but an assortment of colors will be 
offered at an early date. 

The adhesive development was an important part of the 
problem. Dress goods of the type under consideration must be 
able to stand either reasonable laundering or dry cleaning, and 
repeated ironing. That the adhesive should stand reasonable 
laundering is quite a rigid specification, but that it must stand 
normal ironing without appreciable loss of loft or color makes 
the task doubly difficult. Since white patterns are very popular, 
initial color and color retention of both the fiber and the 
adhesive are of primary importance. A number of desirable ad- 
hesives are automatically eliminated because they are thermo- 
plastic and cannot be subjected to the normal ironing operation. 
Since a number of patents covering the whole development are 
still pending, a number of the details of the process cannot be 
disclosed. In general, however, certain synthetic resins have 
been found to be the most desirable bases for adhesive compo- 
sitions. 














Marcu, 1941 


Pendulum Dampers 


THE INSTITUTION OF MECHANICAL ENGINEERS 


N AN extensive paper by Z. W. Zdanowich and T. S. Wilson 

entitled ‘“‘The Elements of Pendulum Dampers,’’ to be 
found in the June, 1940, issue of the Proceedings of The Institu- 
tion of Mechanical Engineers, the dynamics of a pendulum 
damper is treated in a more general way than heretofore, all 
known types being included. A new method of considering 
the effects of a pendulum damper when fixed at any point in an 
engine system is developed, showing that its action results 
in an alteration or displacement of the critical speeds at which 
the harmonic orders occur. 

A convenient method is outlined for arriving theoretically 
at the best design for a pendulum damper, whatever may be 
its location in the engine system. As a practical illustration, 
a brief account is given of experimental work which was 
undertaken to test the behavior of a well-known engine when 
a certain pendulum damper was fitted to the flywheel. A fur- 
ther account of a similar application to a six-cylinder engine 
is also given. Special forms of pendulums, and a note on the 
estimation of angular amplitudes, are discussed in an appendix, 
and a bibliography and a short list of the most important 
patent specifications relating to pendulum dampers are also 
included. 


Measurin 2g Instruments 
INSTITUTION OF PRODUCTION ENGINEERS 


REVIEW of modern measuring instruments and the prin- 
ciples of their design appear in an article by Dr. Geo. 
Schlesinger, member A.S.M.E., director of research, in the 
Journal of the Institution of Production Engineers, England. 
The review considers the refinements of fits and limits, the 
possibility of accurate measurement, the character and range 
of the necessary instruments, direct reading and estimation of 
fractions of divisions, and the formulas for calculating the 
degree of magnification. The measuring system may be based 
on: 


1 Mechanical means, involving the use of a screw, lever, 
gear, or spirit level. 

2 Optical means, employing one or more lenses for the 
purposes of magnification. Instruments in this group in- 
clude the optical comparator, the ultraoptimeter, the projector, 
the telescope and target, the telescope and collimator, and the 
autocollimator, with block reflector and optical square. 

3 Microcomparator gages comprising mechanical optical 
apparatus, electrolimit gages, the photocell Precizer, the 
pneumatic micrometer. 

4 Methods of ‘‘active’’ calibration. 


There is a tendency nowadays, says Dr. Schlesinger, to avoid 
the separation of machining and measuring, and to combine the 
controls for the cutting tool or grinding wheel with the meas- 
uring apparatus, in order to relieve the operator of responsi- 
bility for size. This is a very important development, and the 
result is achieved in practice by the use of a diamond feeler, 
or photocell, or by controlling the cutting tool directly from a 
gage or fixed standard incorporated in the machine. The 


automatic guidance of the wheel in combination with its ad- 
justment or resharpening, using diamonds, renders it possible 
to make the most important grinding machine automatic and 
capable of being operated by a girl after a short period of in- 
struction. 


Thread grinding, gear grinding, spline grinding— 
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all complicated and difficult operations—are performed today 
by semiskilled male or female operators with a degree of ac- 
curacy as regards dimensions and surface finish which was un- 
heard of until recently. 

Tools and gages, jigs and fixtures, the first sample, and 
single pieces, however, require the services of skilled operators 
today more than ever before. Such men can never be replaced, 
but in modern manufacturing plants precision machines, cor- 
rectly set up, equipped with suitable cutting tools and meas- 
uring apparatus, and controlled by semiskilled or unskilled 
operators, suffice to insure interchangeable products. An 
indispensable condition is the continuous control of accuracy 
in the machine tool itself. 


I.M.E. Coat of Arms 


THE INSTITUTION OF MECHANICAL ENGINEERS 
EPRODUCED on this page is the Coat of Arms of The In- 
stitution of Mechanical Engineers, reproduced from the 
frontispiece of the Journal, November, 1940. According to 
a note in the same issue, the symbolism of the design is 
briefly as follows: 


On the shield a device signifying the art of measurement and 
accuracy of workmanship; as the crest controlled power domi- 
nating the world, typified by a heraldic horse chained to the 
globe from a coronet which is itself a symbol of a chartered 
body; lastly as supporters (to which the Institution is entitled 
as a chartered body) a representation of Archimedes appears on 
the left to signify science and of Vulcan on the right to signify 
craftsmanship. The word ‘‘Progress’’ appearing below the 
shield has been used by the Institution on various of its devices 
and at different times since it was founded. 
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COMMENTS ON PAPERS 


Including Letters From Readers on Miscellaneous Subjects 





CoMMENT BY RatpuH E. FLanpers! 


This stimulating paper? by John P. 
Ferris and Howard Emerson raises funda- 
mental issues relating to the methods by 
which our agricultural, industrial, and 
transportation practices shall be ad- 
justed to the changing conditions of 
natural resources and industrial tech- 
niques. 

The distinction between exhaustible 
and recurring resources is, of course, 
fundamental. The primitive natural 
cycle was based on recurring resources, 
our present technology is largely based 
on the use of exhaustible resources, and 
the time is coming when we will be 
forced again to place our chief reliance on 
recurring resources. 

There are at least three ways of making 
readjustments. The natural way of doing 
it is to continue with an older technology 
until it becomes no longer profitable. 
We are then forced to take the necessary 
steps to shift to newer methods. So far 
as relates to natural resources, this means 
that when they have been exhausted to 
the point where they are too expensive to 
use, we will develop substitutes for them. 
This method requires the least degree of 
planning and initiative. 

The other extreme is that of endeavor- 
ing to foresee in advance what are to be 
the tight spots of the future, and to make 
the shift in techniques before exhaustion 
of resources by present method makes 
that shift imperative. Practically by 
definition, this means that the shift will 
have to be made before it is an immediate 
economic necessity. This further means 
that the shift will have to be socially 
subsidized as is the case, on the whole, 
with the interesting work being done in 
the Tennessee Valley where an important 
local experiment is being carried out 
with the support of the resources of the 
whole nation. 

The third method is intermediate be- 
tween the two. It relates to a subsidiz- 
ing, not of the change itself, but of the 


! President, Jones & Lamson Machine Co., 
Springfield, Vt. Past-president A.S.M.E. 

2**Resources and National Defense,’’ by 
John P. Ferris and Howard Emerson, Mgcnant- 
cat ENGInggRING, vol. 62, no. 11, November, 


1940, pp. 809-812. 











Resources and National Defense 


study of the general situation and of the 
best means of meeting it when, as, and if 
it occurs. This, if done successfully, may 
make the change one which can be ac- 
complished less expensively and more 
quickly than would be the case if it 
were left without planned guidance. 
There is also the possibility that such 
subsidized investigation may turn up 
possibilities of making the change from 
exhaustible to recurring resources at a 
profit much earlier in the process of 
exhaustion than would be the case if 
the situation had not been examined. 
There are doubtless some examples of this 
sort to be found in the TVA situation. 

To sum up, it is my belief that the first, 
or rough-and-ready way of not shifting 
until we have to, will not necessarily be 
calamitous, though it is not the best way 
of doing it. The other extreme of subsi- 
dizing a shift before it is economically 
necessary, it would seem, can only be 
done ona small scale and not universally. 
If the whole country were a TVA, TVA 
would be much less possible because 
there would be no outside support to sub- 
sidize it. The intermediate method of 
subsidizing examination and research in 
the fields which are approaching the 
critical situation seems to me to be by 
all means the most desirable solution. 


CoMMENT BY DonaLp Comer? 


The facts set forth in this article 
should be made available to the readers 
of the agricultural as well as the engi- 
neering periodicals. Had they been 
widely known a hundred years ago and in 
consequence put into practice, our coun- 
try, particularly the cotton belt, would 
present a very different problem, and be 
a very different place. 

I for one deeply appreciate the setting 
forth in a manner comprehensible to the 
lay mind of these deeply significant and 
compelling truths and of the timely 
warnings they convey. 

ComMENT By W. H. Jasspon* 
I am very much interested in the pro- 
3 Chairman of the Board, Avondale Mills, 


Birmingham, Ala. 
4 President, Perkins Oil Company, Memphis, 


Tennessee. 
224 


posal advanced by Mr. Ferris and Mr. 
Emerson in the article entitled ‘‘Re- 
sources and National Defense.’’ In my 
judgment the increasing use of recurring 
raw materials, and new uses for them, 
may represent a partial solution, not only 
to our surplus-land problem but also to 
our surplus-supply-of-labor problem. 

We have been faced by the necessity of 
restricting agricultural land use and creat- 
ing an additional burden of unemployed 
labor as the result, plus the contribution 
to this debility by the increasing intro- 
duction of farm machinery in agriculture. 
It therefore becomes a major rather than 
a minor problem to create new markets 
for the products of the fields and forests 
The TVA and other institutions of this 
character which are able to carry on re- 
search must continue and expand their 
activities. Obviously the engineer and 
scientist are the prime motivating influ 
ences in this kind of work. 


CoMMENT By EtmMer Torox® 

The paper ‘‘Resources and National 
Defense’ covers a great problem of our 
industrial preparation, not only for de- 
fense but also for the future course of our 
man-harnessed industries. Does it not 
bring to the mind of the reader the 
thought that trends in the directions out- 
lined will help solve not only our indus- 
trial problems of the future but will de- 
velop work for everybody in the conver- 
sion of industry into a different cycle? A 
transition of industrial activities from 
the use and consumption of exhaustible re- 
sources to a full utilization of the known 
recurring resources will involve the utiliza- 
tion of many, at present idle, man-hours; 
and there is ever the thought that the 
maintenance of industrial evolution into 
the cycle will continue to utilize the 
human forces that nature has given us. 
Nature is omnipotent, and the use of 
natural resources, without attempting to 
exhaust them, can be thought of only as 
the way nature intended. 


CoMMENT BY WALTER RAUTENSTRAUCH® 


This paper points out clearly the need 
for more fundamental organization of our 


6 Power Superintendent, North American 
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national economy in which the engineer 
will be permitted to represent the inter- 
ests of society in the conservation and use 


of our natural resources. The present 
emergency demanding accelerated use of 
our natural resources focuses attention 
not only on the present problem but upon 
the future trend of our national economy. 
The excellentexamples and illustrations of 
the ways in which engineers may deal 
with the problem of our natural resources 
clearly emphasize the importance of this 
problem. As I see the issues involved in 
the questions raised in this paper, the 
most important is how can the service of 
the engineer be integrated in the organi- 
zation and management of our national 
economy in order that he may fulfill his 
declared purpose to develop the arts and 
sciences for the service of mankind. 

The members of our engineering socie- 
ties have been addressing themselves to 
detailed technical problems, and the 
great problems of the national plant as a 
whole have received scant consideration. 
This paper calls attention to the need for 
intelligent planning in the use of our 
natural resources. Immediately all the 
high priests of private enterprise will lift 
their voices in opposition, with the prob- 
ability that the voice of the engineer will 
be drowned out. Unless the engineering 
societies come to grips with the forces 
operating in our economy which prevent 
our using our intelligence they are violat- 
ing their trusteeship of the national 
interest. 


CoMMENT BY WALTER N. Potaxov’ 


The paper by Messrs. Ferris and Emer- 
son treats of the timely and grave prob- 
lem confronting our country. Its signifi- 
cance stands out particularly on the back- 
ground of our momentous task of pre- 
paredness. 

Their fundamental proposition is that 
we have two types of sources of energy: 
replenishable or ‘“‘recurring’’ and ex- 
haustible. From this they derive a doc- 
trine which may be restated thus: In 
order to introduce sanity into our energy 
economy and thereby prevent the reversal 
of the human race to a savage level of 
economy, we must substitute wherever 
and whenever possible the recurring en- 
ergy sources for the exhaustible. 

The thesis of the authors is woven 
around energy consumption in the pro- 
duction of certain essential materials and 
indicates their preference for the use of 
hydroelectric energy as it is a recurring 
source of power. 

I deem it important to cast a glance 
into the field of ‘‘exhaustible’’ energy 
sources both because hydroelectric supply 


’ Director, Engineering Department, United 
Mine Workers of America, Washington, D. C. 


and the discovery of other ‘‘recurring’’ en- 
ergy sources are either too limited for the 
nation as a whole or are not immediately 
available. How then are we going to 
meet our energy demand in this power 
age of ours and how are we going to 
bridge over the transition period from 
reckless depletion of our fuel deposits to 
the planned reproduction of the recurring 
energy sources? 

Of our total energy consumption, that 
derived from water power is not over 4 
per cent. The rest is derived from coal, 
natural gas, and petroleum—all exhaust- 
ible sources. Yet, at the current rates of 
consumption, the known sources of pe- 
troleum would last some 12 to 15 years, 
natural gas 30 to 35 years, while coal, 
upward of 6000 years. 

Obviously, any sane planning must 
first conserve the quickly exhaustible 
sources. Next, any sound engineering 
planning of our energy economy must 
take into account the existing power-gen 
erating equipment and specific properties 
of exhaustible fuels. Thus, the prime 
function of natural gas is that of being 
recirculated into petroleum wells to in- 
crease the recovery of petroleum. Next, 
it should be remembered that lamp- 
black—for the time being the essential 
ingredient of rubber products—is best de- 
rived from natural gas. Therefore, the 
uses of natural gas must be restricted to 
these two activities and the rest con- 
served for the maximum number of years. 

Similarly, petroleum products are pri- 
marily used as motor fuel, illuminants, 
and lubricants. Until the motor fuel will 
be successfully derived from vegetable 
substances, it is imperative to restrict the 
use of gasoline to national-defense pur- 
poses (army, navy, aviation), to the 
manufacture of lubricants needed for 
high-speed machinery, and to promote, 
with subsidies if necessary, both research 
and construction of liquefaction plants and 
multiple by-product coal plants. 


CoMMENT BY Ernst Bgri* 


I was very much interested in the great 
importance of phosphorous compounds. 
I believe this important role concerning 
the fixation of nitrogen results only by 
using legume plants, because the bacteria 
which live on those plants can with a 
rather slow process convert atmospheric 
nitrogen into nitrogen compounds which 
can be assimilated by plants. If my recol- 
lection is right, this is true for only that 
special kind of plants, and other plants 
are not in a position to activate atmos- 
pheric nitrogen. In those cases the 
amount of nitrogen which is removed 
with the harvested plants has to be re- 
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placed by nitrogen-containing fertilizers 
because the amount of ammonia nitrite- 
containing substances in the atmosphere 
coming down with rain is not sufficient 
to cover the needs of the soil. Cer- 
tainly, the law of minimum estab- 
lished 100 years ago by Justus Liebig is 
right, that those three important 
fertilizers—phosphates, nitrogen, and 
potassium compounds—have to be pres- 
ent to a certain minimum degree, other- 
wise, plants could not grow in the right 
way. 

The work which was recently discussed 
in addresses before the American Asso- 
ciation of Petroleum Geologists and be- 
fore the American Chemical Society has 
been mentioned. I think that under the 
present conditions in the United States 
only substances containing carbohy- 
drates with practically no value could be 
successfully converted into solid or liquid 
conversion products which contain little 
or no bound oxygen (bituminous coals, 
asphalts, and oils). It may be of some 
interest to know that we can produce a 
mixture of liquid hydrocarbons com- 
posed of aromatic, aliphatic, and hydro- 
aromatic hydrocarbons with a yield of a 
little more than 40 per cent based on the 
carbon content in the carbohydrates. 


CoMMENT BY W. Harry VAauGHAN® 


The article by John P. Ferris and How- 
ard Emerson of the Tennessee Valley 
Authority makes some excellent modern- 
ized engineering points in conformity 
with the old Baconian dictum: “‘To 
command Nature, you must first under- 
stand her laws, and obey them.’’ I am 
sorry the authors chose to put their topic 
sentence so near the end of the article, 
‘The engineer, as a member of a pro- 
which aspires to utilize the 
forces of nature for the benefit of man, 
assumes an obligation to make his indi- 
vidual decisions conform with sound, 
long-time strategy wherever and when- 
ever possible.”’ 

It appears to me that the authors are 
suffering somewhat from the limitation 
of a journal which purports to deal only 
in applied physics. It seems they are 
looking for economic and technical cata- 
lysts which will allow us to tap as many 
earth-surface recurring natural cycles as 
possible to yield energy and materials 
economically in one form or another for 
the benefit of man without materially 
reducing this possibility for our de- 
scendants. 

No doubt those scientists who are op- 
timistic over the future of the discovery 


fession 





* Director of the State Engineering Experi- 
ment Station and Head of the Department of 
Ceramic Engineering, Georgia School of Tech- 
nology, Atlanta, Ga. 





226 


and release of new deposits of materials and 
new sources of energy now unknown 
will challenge the authors’ thesis as being 
narrow in concept. This need not worry 
them as it is important for the engineer 
to work with the laws of nature in the 
most effective manner known at any 
given time. 

Though I am optimistic for the future 
of science and its opportunity to make 
man more and more independent of na- 
ture and its natural cycles, the engineer 
must proceed upon established facts at 
the moment, guided by a philosophy 
which raises one eye to the probable con- 
ditions of the future. Until such time as 
the scientist can turn over to the engineer 
some hint of ways and means to obtain 
atomic energy on a cost-plus basis, the 
authors have expressed some worth- 
while principles, which, in my opinion, 
should actuate many more engineers in 
their everyday recommendations and pro- 
cedures. 


CorRECTION AND AuTHORS’ COMMENTS 


The authors first wish to correct and 
amplify a statement which appeared in 
their article ‘‘Resources and National 
Defense’’ in the section headed **Energy 
From Soils'’ on page 811 of the Novem- 
ber issue. 

It was pointed out that in addition to 
being a major source of industrial raw 
materials, soils through crops were a 
source of energy and that by improving 
soil fertility we could expand our poten- 
tial-energy supply. As an illustration, it 
was stated that ‘‘one bushel of corn, if 
fed to a working animal, will make 
available 80 horsepower-hours of net 
mechanical energy.’’ This statement 
is true in the sense that 80 horsepower- 
hours of energy is recovered by the ani- 
mal from the bushel of corn. Use of this 
figure in a comparison with other 
sources of energy was incorrect, how- 
ever, since the 80 hp-hr is not all useful 
energy. In order to find the actual me- 
chanical work done, in pulling a wagon 
for instance, deductions must be made for 
work involved in action of internal or- 
gans and in moving the animal's body. 
In this case, the one bushel of corn would 
result in about 24 hp-hr of work, repre- 
senting an over-all efficiency of 15 per 
cent. If the more normal ration of hay, 
corn, and oats were used instead of corn 
alone, the efficiency would be only 9 per 
cent."! 

As a matter of interest, the authors 
compared the cost of energy to be ob- 
tained from electricity with the cost of 


‘© Based on data in ‘‘Feeds and Feeding,"’ by 
F. B. Morrison (twentieth edition, 1936), 
p- 50. 

i Thid., p. 429. 


the same amount of energy from corn. 
The foregoing correction, which meas- 
ures the energy in terms of useful work, 
changes the result in favor of electricity 
as the cheaper source. A similar com- 
parison would show an immediate dol- 
lars-and-cents advantage for gasoline on 
the basis of energy costs. 

However, for a large percentage of 
American farmers, especially those on 
small farms, there are many other con- 
siderations which favor the retention of 
work animals as their basic source of 
power, supplemented by tractors or elec- 
tric power equipment for peak jobs and 
special tasks. The farmer who becomes 
completely dependent upon outside 
sources of energy supply frequently gets 
into serious economic trouble when crop 
prices fall to the point where he has no 
cash to buy fuel. Another great danger 
to be weighed by the farmer in each case 
is whether power-driven equipment may 
not tend to perpetuate excessive cash 
cropping to pay for the equipment, in- 
stead of the type of farming which con- 
serves soil and builds security. 

In this discussion, it should be borne in 
mind that in their present uses, crops, as 
recurrent sources of energy, are consumed 
only as animal and human foods, and so 
are limited to supplying a relatively small 
percentage of our total energy. 

For 1929 energy from recurrent sup- 
plies—food, draft animals, firewood, and 
water power—has been estimated as on 
the order of 15 per cent of the total 
sources of energy used in this country. In 
the same year recurrent sources—agricul- 
ture and forests—supplied over 70 per 
cent in terms of value of the raw materials 
of United States industries.'? 

With these considerations in mind and 
after reading the contributed comments, 
the authors suggest that there is no 
sweeping conclusion which can _ be 
drawn; each source of raw materials or 
energy requires separate consideration. 
The method of research is the first step 
toward the gradual substitution of less 
exhaustible for more exhaustible sources 
of supply. But it is only the beginning 
because research workers are not usually 
the men who make policy decisions; it is 
mainly farmers, businessmen, and engi- 
neers who determine the actual effects of 
research upon our economy. If they neg- 
lect to act on the conclusions which 
science presents to them, we will con- 
tinue to follow what Mr. Flanders calls 
‘the rough-and-ready way of not shifting 
until we have to.’" As Mr. Comer sug- 
gests, this way has been pretty near 
calamitous in the South. 

Perhaps the original article should 
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have stressed the strides which have al- 
ready been made by scientists, engineers, 
and business leaders in cutting down 
waste in extracting exhaustible raw ma- 
terials from the earth and improving the 
efficiency of their conversion into useful] 
products. Where lower costs result, this 
trend will no doubt continue. It is in 
those cases where immediate economic 
advantages do not coincide with con- 
siderations of long-time defense of na- 
tional security that problems arise. At 
this point the authors have one final con- 
viction, which is that ways can be found 
under the democratic process to take 
steps necessary to such defense, that we 
should not have to turn to a dictatorship 
form of government to build up and con- 
serve the resources on which our civiliza- 
tion is based. 


Machine-Tool Castings 
CoMMENT By P. S. Lane!’ 


This paper illustrates the fact that mi- 
crostructure, rather than hardness and 
chemical analysis, often determines the 
quality of a casting. The data submitted 
by the author include studies of castings 
on which actual field performance is 
known, and these field results appear to 
substantiate his microscopic and wear- 
test evidence. 

During the last few years, the writer 
has devoted considerable time to the 
study of the effects of microstructure on 
wear and surface mutilation. Most of 
this work has been in connection with 
internal-combustion engines, particularly 
cylinders and piston rings. While the 
speeds and loads encountered in engines 
are different from those in machine tools, 
it has been found that the “‘primary- 
ferrite’’ formations are also very undesir- 
able for friction surfaces. Due to heat 
and load conditions in high-speed gaso- 
line and Diesel engines, the cylinder sur 
faces are often quite dry and structures of 
the type shown in Fig. 1 of the paper have 
been prone to scuffing and seizure. 

It should also be stated, however, that 
some cast-iron structures, having the fine 
nodular graphite, even though free of the 
ferrite-fine constituent, show evidence of 
wearing away at a relatively rapid rate 
Hence, it might be suspected that the fine- 
cluster graphite, rather than the ferrite 
itself, is mainly responsible for the scor- 
ing and galling tendency. In one 10-in. 
Diesel engine, using fine-grain cast-iron 
liners of 240 Bhn, with nodular graphite, 
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the wear was at the rate of 0.006 in. per 
1000 hr running. Replacement liners of 
180 Bhn, but with a coarse flake-graphite 
structure, and with higher phosphorus, 
wore only 0.002 in. per 1000 hr under the 
same operating conditions. This ex- 
perience illustrates the unreliability of 
using Brinell hardness alone in predicting 
resistance to wear. 

Fig. 2, A and B, in the paper is a type of 
structure which often gives good wear 
performance, providing that unit loading 
is not too high, and that spring quali- 
ties are not essential. The structures 
shown in Fig. 2 C and D are considered 
less desirable. In Fig. 3 C and D, such 
iron, while wearing away rather rapidly, 
often does so with complete freedom from 
galling or seizure actions, even though 
having a ferrite matrix. 

It should be remembered that wear re- 
sistance of any material is not an inherent 
quality except in a very general way. 
Many factors of service environment can 
alter, and sometimes reverse, results. 
Usually, we are interested in the wear 
performance of two mutually rubbing sur- 
faces, so that a condition of “‘compati- 
bility’’ must be maintained. In both 
wear testing and in actual service, four 
basic points must normally be considered: 


1 The wear or ‘change in dimension” 
of the sample. 

2 The wear or ‘‘change in dimension”’ 
of the surface against which the sample 
rubs or slides. 

3 The ‘“‘surface condition’’ of the 
sample, i.e., scoring, scuffing, galling. 

4 The “‘surface condition’’ as in item 
3, for the opposite rubbing surface. 


In the control and regulation of 
foundry practice, to keep resultant struc- 
tures within the range where optimum 
wear performance is obtained (as indi- 
cated by tests and experience), the sec- 
tion thickness or cooling rate is a potent 
factor. This may in some instances be 
regulated by means of ladle additions or 
‘“inoculation.’’ It would seem that addi- 
tions having a carbide stabilizing action, 
such as chromium or molybdenum, would 
prove most beneficial. The author men- 
tions the fact that his graphite and ferro- 
silicon treatments restrict the abnormal 
structure to the skin or outside surface, 
limiting it to a depth of 1/32 to 5/32 in. 
In light castings which are production- 
machined with an over-all finish of less 
than !/32 in., the obvious goal would be 
to eliminate entirely the undesirable fer- 
rite formation. The fact that some cast- 
ings are practically free of the primary- 
ferrite structure makes this attainment 
seem possible, particularly as more 
knowledge is acquired of its mechanism 
of formation. 


ComMeENnT By A. C, Denison!® 


This paper, while short, contains im- 
portant information which adds greatly 
to the understanding of proper gray irons 
for machine tools. It is evident that in 
the recent past there has been too quick 
an acceptance of low-carbon high-tensile 
fine-grained irons as the hoped-for perfect 
iron for machine-tool building, without 
realization of other factors which might 
be important. 

Such fundamental work as that done 
by the author, in the direction of inter- 
preting and understanding observations 
which are the result of practical ex- 
perience, carries the industry a long step 
forward toward the goal of the ultimate 
product. 

So far as the writer knows, this is the 
first time that scoring and galling have 
been definitely traced to ‘‘primary or 
eutectic ferrite;'’ which information is 
of great importance both to the users and 
producers of fine gray irons. The under- 
standing of this phenomenon should en- 
courage engineers to a wider use of these 
finer irons in machine design because with 
this understanding a more adequate 
specification of gray irons should be de- 
veloped to meet the requirements, to- 
gether with better controlled foundry 
operations for the same purpose. Thus, 
confidence in these modern gray irons asa 
good engineering material should be in- 
creased. 

This paper also shows that following 
poorly founded customs sometimes leads 
us astray. For, after all, we have judged 
gray irons too long solely on the basis of 
tensile strengths and fine grain alone. 
As the authorities indicate there might 
better be a broader engineering concep- 
tion of other desirable properties of gray 
iron to correlate with tensile strength 
and fine grain, such as resilience, damp- 
ing, machinability, and microstructure. 
These properties should all be considered 
when thinking in terms of the finest gray 
irons for machine tools. 

Recently, in a lecture in Cleveland, 
Professor Schneidewind, of the Uni- 
versity of Michigan, before the American 
Society of Metals mentioned that flake 
graphite and not nodular graphite in gray 
iron gave the best all-around product and 
that gray iron with flake graphite had 
far superior wear-resistant properties. 
It is to be noted that his statements check 
with the findings of the author. Further- 
more there was an interesting comment 
made by Professor Schneidewind that this 
flake-graphite structure seemed most 
readily a product of cupola melting which 
is also something worth noting, particu- 
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larly if there is an inclination to believe 
that this old and economical method of 
melting is becoming obsolete. 


CoMMENT BY R. SCHNEIDEWIND!® 


The author has performed an important 
service by bringing the subject matter of 
this paper, which is metallurgical, to the 
attention of mechanical engineers, since 
wear resistance is largely involved with 
microstructure. All of the work with 
which the writer is familiar at the Uni- 
versity and in industry fully confirms the 
author's findings. 

It is the writer's feeling, however, that 
the nodular appearance of some of the 
graphite particles is due to the fact that 
the polisher has used the wrong abrasive. 
A different abrasive would show these 
areas to contain very fine flakes of graph- 
ite. The author is quite correct in point- 
ing out that the presence of ferrite pro- 
motes galling. We have found that his 
method of seeding or deoxidation is quite 
successful in eliminating primary ferrite 
and eutectiform graphite. In the case of 
heavier castings, it is sometimes found ad- 
visable also to add a carbide stabilizer. 
This stabilizer will prevent the heaviest 
section from becoming weak. Many 
foundries, for example, which use nickel 
to prevent chill and in refining graphite, 
will balance the nickel with chromium 
so that the composition will have 1.5 
nickel and 0.5 per cent chromium. It is 
the writer's belief that considerable im- 
provement in wear resistance of cast-iron 
parts can be effected by control and 
specification of the microstructure of the 
wearing surface. 


ComMENT By J. S. Vanick™ 


The 10,000 chemical analyses which 
form the background of research of this 
paper represent a laboratory expenditure 
of $25,000; and it is apparent that this 
work has not been done in vain. It is 
evident that the machine-tool industry 
regards a single failure of a machine tool 
as one too many. It is comforting to feel 
that the origin of the difficulty had been 
traced and had been eliminated through 
a normal working period so that, when 
urgent demands came upon the indus- 
try, it was able to proceed without being 
delayed. 

As the author points out, castings of 10 
years ago or earlier were made of higher- 
carbon, lower-silicon irons. When these 
mixtures were adjusted to make the light 
sections machinable, the heavy sections 
were open-grained or failed to develop a 
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fine finish. Machine-tool castings usually 
vary widely in section. An unequal rate 
of cooling of thick and thin parts causes 
warpage, due to corresponding inequali- 
ties in structure, unless such inequalities 
are evened out through carefully balanced 
compositions alloyed to maintain uni- 
formity. Nickel came into use promi- 
nently at that time as an alloy addition to 
cast iron because it was known to refine 
the coarser flake-graphite grain and sta~ 
bilize the pearlite, thus reducing the 
difference in hardness between thin and 
thick sections and achieving a uniformity 
in structure. By using irons particularly 
fitted to produce a close-grained but flaky 
gtaphite structure in a pearlitic matrix 
in the heavy sections, such as the tables 
and ways of machine tools, it also became 
possible by alloying with nickel to pro- 
duce a similar structure (or conversely 
eliminate mottled structures) in the thin- 
ner sections. This assisted the machin- 
ability of surfaces of these thin sections 
as well as contributed to the extinction of 
microstructural gradients which might 
produce excessive distortion due to cast- 
ing stresses in such large castings as ma- 
chine-tool beds. 

The effects which brought on the gall- 
ing problems were caused by a normal de- 
sire to build improvements into machine- 
tool cast irons, and the usual mixtures 
were changed to produce stronger and 
stiffer irons with the gap in the difference 
between the structure of cast iron and 
steel constantly becoming narrower. 
Steel running against steel is much more 
susceptible to galling than cast irons 


running against each other. Previously, 





FIG. 1 
PEARLITIC MATRIX 





MACHINED EDGE, SHOWING EXTREMELY FINE 


(Center of casting was of a similar structure; 500.) 





structures and surfaces susceptible to gall- 
ing, such as occur in Fig. 2 of the paper, 
were rare and, as the author points out, 
structures of the Fig. 3 type with flake 
graphite instead of the powdery forms 
were common. The powdery graphite or 
supercooled structures might escape de- 
tection in the fracture test or other 
mechanical tests upon the iron or both. 

The poor structures were caused by a 
combination of circumstances which 
could be associated with the ingredients 
of the charge, the melting practice, metal- 
handling and molding practice, or condi- 
tions of the mold, including gating-and- 
pouring practice. Preventatives consist 
of returning part way to the less suscepti- 
ble mixtures and cupola ingredients, or 
adding antidotes, or changing molding, 
gating, and pouring practice where possi- 
ble, or doing all of these things. These 
poor-structure irons are usually produced 
by employing increasing quantities of 
steel in the cupola or melting very hot, or 
cooling fast. The normal higher carbon, 
lower silicon irons drifted into low-car- 
bon high-silicon types which are much 
more susceptible to supercooling effects 
and the consequent development of a 
galling-susceptible structure containing 
powdery graphite. 

The higher freezing temperature and 
the lesser quantity of dissolved carbon 
produced a much more sluggish urge to 
gtaphitize. This supercooled liquid iron 
was similar in chemistry to soda-water 
solution containing a large quota of 
solute or carbon dioxide, which can be 
quickly released by adding a drop of 
‘““promoter,’’ which sets off a propor- 


a 
baal ‘al 
oe >» 













MECHANICAL ENGINEERING 








tionate reaction. Years ago Coyle, in 
working upon the Ni-Tensyl process 
found that nickel aided by an addition of 
concentrated silicon yielded a degree of 
graphitization out of proportion to the 
result achieved when these same elements 
were melted down as original material in 
the cupola charge. In some cases such 
additions recently have been termed 
“‘Jate silicon’’ additions. They serve to 
unbalance the apparently stable super- 
cooled solution and set off or promote a 
multiplicity of microscopic reactions in 
the freezing liquid which give birth to 
graphite nuclei. These nuclei have a 
chance to grow by diffusion and to fur- 
ther the reaction through the establish- 
ment of microscopic carbon-concentra- 
tion gradients, which further unbalance 
the supercooling effects. By timing these 
treatments the tendency is to form normal 
flaked graphite. Since this reaction 
might go too far, it is prevented from 
doing so by the solvent power of the 
nickel-iron solution for pearlitic carbon. 
In the presence of nickel, the reaction 
would regularly stop at the pearlite con- 
centration of carbon, and yield in the 
solid, when the metal was cold, a struc- 
ture of normal graphite flakes embedded 
in a pearlitic or sorbitic body. The small 
amount of nickel would not be sufficient 
to cause any hardening above that of the 
parent composition. These principles put 
into practice today are continued with 
the drift back again toward the higher 
carbon, lower silicon irons, which are 
less sensitive to the melting process in the 
foundry and, therefore, less likely to 
~ 18 U. S. Patent No. 1,867,732. 


FIG. 2 CAST EDGE, GRAPHITE-FERRITE AREAS IN EUTECTIC PATTERN 


DISTRIBUTED IN A FINE PEARLITIC MATRIX 
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supercool and produce powdery graphite 
structures, such as appear in Fig. 2 of the 
paper. 

The use of (1) less steel; (2) less super- 
heat; (3) deoxidizers and inoculants; 
(4) pearlite stabilizing alloys sum- 
marizes most of the present correctives. 
It may be inconvenient or impossible to 
correct a fifth factor, i.e., fast (surface) 
cooling. When it prevails, it may cause 
a supercooled structure on the cast sur- 
face which, by pouring hot, can be con- 
trolled and reduced in depth to less than 
1/6 in. This small amount would 
normally be removed in the rough-ma- 
chining cut on the cast surface; Figs. 1 
and 2 of this discussion illustrate this oc- 
currence. 

The work in this paper throws consid- 
erable light upon the reasons why certain 
irons equal in hardness to good wear- 
ingironsfailtodotheirwork. Morethan 
l0years ago the following comments were 
expressed in an article on the wear and 
machinability of cast iron by T. H. 
Wickenden:" 

‘Much discussion can be found in the 
literature regarding the relative wearing 
properties of hard and soft irons. Numer- 
ous examples have been cited in which a 
soft iron has shown better wearing prop- 
erties than a hard iron under certain con- 
ditions. This fact may be regarded as a 
real news item, forthe opposite is the usual 
occurrence and does not cause un- 
usualcomment. From this state of affairs 
the conclusion may be deduced that hard- 
ness alone is not necessarily a true index 
of the durability of cast iron but must be 
considered in conjunction with other 
characteristics, such as are revealed by 
the microstructure of the iron.”’ 

This observation indicated long ago 
that the microstructure was extremely 
important as a factor in determining the 
wear resistance of cast iron. There is an 
important difference between the wearing 
rate of a structure susceptible to galling 
and the normal rate of wear in a structure 
that is resistant to galling. The relative 
merit of the structures in Figs. 1 and 2 of 
the paper, in the matter of resistance to 
wear, has only been established in a quali- 
tative sense. The poor structures are 
worn away far more rapidly than a nor- 
mal rate, and the degree of merit between 
different types of good structures has not 
been clearly established. The difference 
may be so great that the tests reported in 
this paper and shown in Fig. 5 merely 
indicate qualitatively that a structure 
susceptible to galling may produce a rate 
of wear which is destructive enough to 
make the machine practically useless. 

19 **Data on Machinability and Wear of Cast 


Iron,”’ by T. H. Wickenden, S.A.E. Journal, 
vol. 22, Feb., 1928, pp. 206-212. 





In the data which are reported in Fig. 5, 
the irons showing the lesser rate of wear 
and possessing good structures should 
continue to improve their resistance to 
wear as the matrix is maintained in a fine 
pearlitic condition with normal graphite 
flakes or, as a higher order of hardness is 
developed in this pearlitic structure 
without producing the powdery or 
dendritic graphite. It is known that this 
can be done with a specification similar 
to the one following, accompanied by 
proper alloying and processing procedure 
in the foundry: 


Per cent 
P| reas 
 iininknnd cenwes weweckuts 1.0-2.0 
SR hnckxnknas iitanadowss 0.6-1.0 
Sulphur and phosphorus.......... Normal 
ener I.0-1.5 
Chromium or molybdenum........ Uptoo.3 
Brinell hardness: 
Saddles, carriages, etc........... 180-220 
WAG, Gv isesvacisecivcsccess SP 


Nickel additions in this case are in- 
tended to maintain the normal good ma- 
chining hardness in the light sections, 
and dense structure of the material in the 
heavy sections. The very fine pearlitic 
structure of a nickel-alloyed iron has a 
low wearing rate and it is not readily 
susceptible to galling. Actual metal loss 
by wear proceeds at an extremely low 
rate in the case of machine tools where 
sliding loads are lighter and move more 
slowly than they do in engines. There 
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FIG. 3 RELATION OF BRINELL HARDNESS TO 
WEAR OF CAST IRON AGAINST ITSELF 


are available ample data from the auto- 
motive industry, where the wear prob- 
lems have been studied, to show that 
moderately harder irons resist wear 
longer. A typical wear-resistance test 
curve on engine irons of increasing hard- 
ness appears in Fig. 3 of this discussion. 
If higher hardnesses are needed to resist 
wear further, such upper hardness levels 
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can be readily achieved by holding to the 
established pearlitic flake-graphite-base 
structure and building up the hardness of 
such moderate-carbon low-silicon irons 
by making approximately balanced ad- 
ditions of nickel with chromium or 
molybdenum to the desired hardness 
level. In such cases, the graphite flake 
may be somewhat finer and the pearlite 
moving toward harder sorbitic structures, 
while the hardness and resistance to wear 
are moderately raised. 

The builder of machine tools has be- 
come accustomed to employ the best of 
materials designed to make tools last in- 
definitely without trouble to their own- 
ers and operators. In having full access 
to all of the necessary raw materials and 
in making expenditures for research, such 
as this to establish experience, his prod- 
ucts have established a leading position 
in world markets. The author should be 
congratulated for presenting before the 
metal-making as well as metal-working 
industries this record of experience and 
achievement. 


Improvements in Technical 
Education 


CoMMENT BY CarrROLL D. Bit~tmyeErR?”? 


I am indeed glad that an engineer with 
such a reputation as Mr. Carrier's calls 
attention to the undesirable features now 
in vogue in undergraduate engineering 
curricula. Many of us have held like 
opinions, but lacked the weight to have 
them listened to. His paper*! should be 
called to the attention of all college presi- 
dents concerned. They and not the deans 
of engineering are frequently to be blamed 
for the conditions he enumerates. 

I would like to add to his list one more 
criticism. The tendency to compress 
essential courses beyond reason and to 
stress Memorization at the expense of 
reasoning is often due to an ill-advised 
attempt to provide room in the curricula 
for an excessive number of so-called elec- 
tive courses. I do not think the average 
youngster is able to make proper selec- 
tions. Then why handicap his future for 
the sake of what Mr. Willkie would calla 
‘candy stick’’ educational policy? 

The author's remarks about the entire 
educational system are very apt, and 
should be called to the attention of the 
National Education Association. We 
shall never get balanced curricula until 
our high schools are brought into line. 
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Humanistic subjects should be included 
in every engineering curriculum, but 
should they be elective? The author re- 
fers to the S.P.E.E. Committee report on 
page 727 of the same issue, the conclud- 
ing paragraphs of which summarize the 
situation so well. 


CoMMENT BY GzorGE L. SULLIVAN”? 


I read Mr. Carrier's article with a 
great deal of interest and profit. It is a 
valuable experience for the educator to 
read the reactions of the employer. It 
helps him to visualize the environment 
for which he is trying to prepare his 
students. I find however, that many 
years’ experience in teaching and in in- 
dustry, during which time I have had to 
use and to pay engineering graduates, 
Causes me to question some of the state- 
ments in this paper. 

No one can object to Mr. Carrier's 
views on the objectives of education, but 
I think his views on the way these ob- 
jectives can be attained illustrate com- 
mon errors among employers. These 
errors have two sources: First, the em- 
ployer is inclined to think of the student 
as raw material which the teacher should 
be able to shape as he wishes. Instead, 
each student is a complex, growing indi- 
vidual. Each student is different from 
every other student; there is no such 
thing as producing interchangeable parts. 
Employers are so used to seeing the same 
shaped boss on every casting from the 
same pattern that they expect every 
student from a given college to be like 
every other student from that college. 

The second error that an employer is 
apt to make is to assume that the engi- 
neering graduate is a finished product 
when he comes to him. The engineering 
graduate is like a growing fruit tree. 
The college has nurtured and tended him 
for four or more years, he has reached the 
stage of growth where he should soon 
bear fruit. The employer then takes over. 
Nearly every employer will tell you he 
wants a graduate with initiative and 
originality. When he gets him, what 
does he do? He puts him at a desk, ona 
drawing board, or in a laboratory where 
every detail of his work is standardized 
to the last iota. After about five years of 
this he is given a job requiring some 
choice of action. The employer then 
complains that the engineering college 
turns out men of no initiative. He for- 
gets that he has been stunting the initia- 
tive ability of the man for five years. As 
educators, some employers are good 
manufacturers. 

If we examine the five features that are 
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criticized we will find that each feature 
may be justified. 

1 Specialization. Every book on 
educational psychology that I have read 
lists interest as a powerful incentive to 
effective study. Ifa student is interested 
in aviation the wise educator will use 
that interest to promote the education 
of that student. The student who is inter- 
ested in aviation will learn much more 
about the fundamentals of the mechanics 
of fluids if he has a wind tunnel to work 
on than if he doesn’t. What matter if 
after graduation he applies these funda- 
mentals to the problem of driving air 
through ventilating ducts? 

2 Selection. Perhaps it is our fault, 
but there just isn’t any way of accurately 
grading the abilities of high-school 
students. There are a few students of 
whom we can say, ‘“There is no doubt of 
his high abilities.’" Of a few others we 
can say, ‘There is no doubt that he 
lacks required abilities.’" There is no 
way accurately to grade the great number 
of borderline cases. Mr. Carrier suggests 
the ‘‘intelligence-test’’ type of examina- 
tion. Psychologists do not agree even 
on the definition of ‘‘intelligence.’’ The 
difficulty is evidenced by the hundreds of 
diverse tests which are recommended and 
used. Mr. Carrier says, ‘“The employer 
can obtain some idea of the personality of 
the student from an interview."’ Can he? 
Ina recent test ofemployers’ ability torate 
applicants there was only about four per 
cent more agreement than there is in pure 
chance. Ina group of 57 applicants for a 
particular job one was rated all the way 
from best to poorest by a group of twelve 
employers. (Laird, ‘‘Psychology of Se- 
lecting Employees,”’ page 101.) 

3 Understanding. The wisest man on 
earth does not have a complete under- 
standing of anything. Mr. Carrier says, 
“In engineering education, the aim 
should be to have no fact or theory ac- 
cepted until it is first thoroughly under- 
stood.’’ Since we do not “‘thoroughly”’ 
understand anything we should not ac- 
cept anything? I doubt if Mr. Carrier 
would say that he ‘‘thoroughly’’ under- 
stood the theories of air conditioning 
twenty years ago, yet he accepted them 
and applied them to the best of his under- 
standing with valuable results. The de- 
sirability of ‘‘understanding,’’ of *‘think- 
ing,’’ and of ‘‘reasoning’’ and the useless- 
ness of ‘‘mere’’ factual knowledge are 
constantly emphasized. Facts are the 
things we understand, the things we 
think about, the things we reason with. 
Facts have a very important place in edu- 
cation. After all, “‘understanding’’ of a 
theory, or of anything else, is nothing 
but the possession of facts about that 
thing. The man who had all the facts 
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pertaining to anything would understand 
that thing. These facts of course include 
reasons and relations and not merely un- 
related ideas. 

Mr. Carrier suggests that ‘‘the student 
should be encouraged and required to do 
everything for himself that he can ac- 
complish through his own mental proc- 
esses without recourse to text or oral 
instruction.”’ I think no educational 
psychologist would agree to this. It 
seems to me that it would be equivalent 
to an employer's telling a new employee 
that he must not look at any company 
drawings or catalogs or ask anyone a 
question about anything but must figure 
everything out from fundamentals. Ex- 
perienced educators advocate just the op- 
posite; that a student be encouraged to 
get all possible information on his sub- 
ject from his teacher, from books, from 
experience, and from every other avail- 
able source. Then he should be encour- 
aged to carry the investigation further 
into unexplored fields. 

Mr. Carrier also says that the best 
teachers should teach the freshmen and 
sophomores. The best executives of a 
company do not act as foremen in order 
to get the work in a factory properly 
started. The best teacher executives 
supervise and direct the work of the 
younger teachers and encourage and guide 
the upperclassmen. 

4 Personality. Most engineering 
teachers agree on the importance of *'per- 
sonality.’” They try to develop person- 
ality. The reason that grades are given 
in technical work and not in personality, 
honesty, cheerfulness, judgment, coop- 
erativeness, and such other qualities is 
that we have a measure for ability in 
technical work but we have no method 
of quantitatively measuring personality. 
It is said that few engineers lose their 
jobs because of lack of technical ability. 
My investigations indicate that a more 
accurate statement is that ‘few engineers 
lose their jobs for any reason except lack 
of work.’’ Many engineers become dis- 
satisfied and quit and many are laid off 
because there is no work for them but 
few are fired when there is work. 

5 Student Grading. A student has 
many abilities, not one ability. Formany 
of these abilities there are no tests 
and no way of expressing them quantita- 
tively if they could be measured. Sec- 
ondly, there are many employers, not one 
employer. I have talked with many em- 
ployers and have yet to find one who 
could tell me in specific terms what. he 
wanted. He wants a man who can think, 
yes. But how good a thinker? How well 
must he understand? There are nearly as 
many desirabilities as there are employers 

That educators do not feel that their 
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work is perfect is indicated by the critical 
discussions at faculty meetings and at 
meetings of the Society for the Promotion 
of Engineering Education but the de- 
mand for engineering graduates indicates 
that the product is fairly satisfactory. 
Just yesterday I received a letter, a long- 
distance phone call and a personal visit 
all asking for engineering graduates. I 
had no unemployed to fill the requests. 

I believe, and I think most engineering 
educators agree with me, that our biggest 
handicap is scarcity of students with out- 
standing natural abilities. I do not 
know what to do about this. 


AUTHOR'S CLOSURE 


Since the great majority of comments 
that I have received, both directly and in- 
directly, on this article as well as ona 
previous article appearing in the May, 
1937, issue of MecHANICAL ENGINEERING, 
‘Principles Versus Curriculum in Memo- 
rizing Facts and Theories,’’ have been in 
agreement, it is refreshing to find an edu- 
cator of prominence who apparently dis- 
agrees totally with all the specific prin- 
ciples emphasized in these papers. Such, 
I understand, is the attitude of Dean Sulli- 
van. However, I suspect that Dean 
Sullivan may have somewhat overstated 
his case in a natural zeal for debate. 

In the first place, before examining his 
specific criticisms, I wish to protest the 
inference of Dean Sullivan that the em- 
ployer is much less intelligent than the 
college professor. The position he takes 
with reference to the qualifications of 
employers to pass upon the education 
qualifications of their technical em- 
ployees probably would apply fairly well 
thirty or forty years ago. I believe I can 
inform Dean Sullivan authoritatively 
that this stricture does not generally ap- 
ply today. The leading employers today 
are either college men themselves or em- 
ploy college men in the qualification of 
their engineering employees. 

My associates among the employers 
with whom I have conversed are men of 
exceptional attainments as well as men of 
college education, and are not at all to be 
classed in the category of the antedilu- 
vian type of employer referred to by Dean 
Sullivan. Most of these men believe that 
their own college training could have 
been greatly improved, as they now look 
back upon it, and in some cases they 
speak of their success as being in spite of 
their college training rather than be- 
cause of it. This may not be wholly just, 
but I am stating their reactions. There 
are many men, however, both employees 
and employers, who attribute the in- 
spiration leading to their success to some 
incident while in college—more particu- 
larly the inspirational teaching of some 





one professor. It is interesting to note 
that where such impetus was given, it 
was largely without the curriculum, which 
emphasizes the fact that successful teach- 
ing cannot be wholly mechanized. One 
inspirational teacher in a college course, 
whether it be in physics, mathematics, 
engineering, or humanities, accomplishes 
more for good and for a sound approach 
than all of the rest of the instruction in 
the curriculum put together. 

Dean Sullivan says, “‘As educators, 
some employers are good manufacturers.”’ 
This is a rather broad and, I believe, 
largely unwarranted stricture. I might 
turn this around and say, as educators, 
some technical-college deans and presi- 
dents are good manufacturers, for that is 
about the attitude a few of them seem to 
take toward education—manufacturers 
interested in the quantity rather than the 
quality of their product, n ‘‘window 
dressing’’ in the form of equipment and 
curricula comprising a multitude of 
specialized undergraduate courses rather 
than in true education. College alumni, 
employees as well as employers, sense 
this trend. 

Let us now examine the five features 
of which Dean Sullivan says criticism 
may be justified. 

1 Specialization. Dean Sullivan starts 
with a major premise, with which I 
heartily agree, that ‘‘interest (is) a pow- 
erful incentive to effective study.’ He 
makes the assumption, however, that in- 
terest can best be aroused by specializa- 
tion and in this he makes a complete 
‘‘about face’’ from the classical school of 
educators to the extreme ‘“‘progressive’’ 
school where all teaching is conducted by 
this method. Extremes do not work too 
well in anything. Interest in fundamen- 
tal engineering and physical principles 
should be inspired by copious practical 
illustration, but should not be confined 
to one type of application nor should the 
principle itself be lost sight of by the 
student in his admiration for the ma- 
chine or process. 

I was unfortunate enough, while in 
college, to take one specialized elective 
and it was a lot of “‘rubbish"’ and to the 
best of my observations so is much of the 
so-called undergraduate specialization of 
today. I admit that a lot could be gotten 
out of it if it were made a means to anend, 
but the trouble is it is rarely, if ever, so 
taught. Actually, most such courses 
seem to present an amazing number of (to 
the student) unrelated and inconsequen- 
tial facts. They had better spend their 
time reading ‘‘pulp wood’’ novels. 
These would be less demoralizing to the 
student's mind. 

We then also come to the neck of the 
bottle in undergraduate education and 
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that is time. It has been repeatedly 
demonstrated that in a four-year course 
the undergraduate, unless he is an intel- 
lectual genius, cannot specialize and at 
the same time acquire the necessary re- 
lated fundamentals needed in engineer- 
ing, nor can he acquire a sound educa- 
tional background. I do not decry 
specialization if the fundamentals have 
been mastered, but to do a good job in 
most of our colleges, this requires the 
greater part of four years. Specialization 
should come largely in the fifth and sixth 
years. Furthermore, a student cannot 
specialize effectively until he has a thor- 
ough engineering background. Except 
where specialization has been made in a 
five-year course, it is of practically no 
value to the employer. 

There are many highly important 
things that should be crowded into the 
undergraduate education, if possible, to 
the exclusion of many technical special- 
ized electives. These are, to name a few, 
better training in English and public 
speaking, economics and the principles of 
accounting, practical sociology and the 
psychology of human behavior, but time 
does not allow all of this, however de- 
sirable. We only have time to hit high 
spots in these fields. Certainly, time 
needed in this field should not be pre- 
empted by technical electives, nor should 
any of these things be allowed to interfere 
with the program of thorough education 
in the subjects taught. It is far better to 
teach less but teach it well. 

2 Selection. In spite of what Dean 
Sullivan says, I believe there are some of 
our colleges, of high standing, which 
permit entrance through general exami- 
nations which are designed to test the 
student’s intellectual ability. Intelli- 
gence must not be confounded with 
learning or even with educational train- 
ing. I think intelligence is reasonably 
easy to detect in spite of Dean Sullivan's 
citations. The student who does not 
show ability both in mathematics and 
physics has no place in an engineering 
course. He may go to a trade school 
where he will be much better off. Some 
of our colleges should really be trade 
schools and not colleges. Much of what 
I have to say regarding both selection and 
specialization does not apply to the trade 
school. 

3 Understanding. Dean Sullivan takes 
the position that complete understanding 
is impossible. Of course, I agree with 
him. There are many things beyond our 
reach which we must accept as premises. 
We cannot understand the ultimates of 
the universe—gravity, electrons, etc.—but 
we can understand their apparent laws, 
as for example, V? = 2 gh. This may be 
accepted as a fact by the student and re- 
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peated like a parrot, or it may be thor- 
oughly understood up to the cause of 
the gravitational force. It is surely a 
fallacious argument that because the ulti- 
mates cannot be understood that thatis an 
excuse for not thoroughly understand- 
ing their laws. Most “‘muddle-headed- 
ness," so prevalent, is founded in this 
lack of thorough understanding. More 
particularly it is founded in an ingrained 
habit of the acceptance of things without 
understanding. In so far as our schools are 
attempting to teach facts without understand- 
ing, just so far they are encouraging habits of 
mental slothfulness which lead to *‘muddle- 
headedness.’’ We gloss over with a veneer 
of learning and try to make it pass as 
education. I suppose there are many who 
do not distinguish between learning and 
education. A monkey or a parrot can be- 
come learned in so far as tricks are con- 
cerned, but they cannot be educated so as 
to invent tricks of their own. Some of 
our methods of instruction remind me of 
those we use in teaching tricks to ani- 
mals. These practices are the antithesis 
of true education. There is such a thing 
as a learned fool. 

4 Personality. I think there is but 
little disagreement here. Often the rea- 
son for lack of promotion and the loss of 
jobs in depression times is that the man 
with the best personality is the first to be 
promoted and the last to be laid off, 
everything else being reasonably equal. 
Men are actually discharged or allowed 
to become dissatisfied owing to lack of 
promotion whenever they have unfortu- 
nate personalities which do not permit 
full cooperation with their associates, or 
render them available for supervision of 
the work of others. It was never pro- 
posed to give marks for personality, but 
every engineering educational institution 
should stress to the students the impor- 
tance of personality and guide them in its 
development. 

5 Student Grading. In many respects 
the question of student grading is of 
lesser importance than other matters, but 
tests for purposes of grading should be 
divided into two separate parts: First, 
and more essential, the understanding of 
principles; and, second, their specific 
knowledge as well as their aptitude in 
speed and accuracy of engineering calcu- 
lations. I believe that the standards for 
passing should be different as well as 
separate for these two departments. 

In general, there should be a higher 
standard of ability required for entrance 
into engineering courses and greater stress 
should be placed upon the teaching of all 
fundamentals, as well as upon the educa- 
tional approach in the teaching of sub- 
jects. I grant that it is impossible to 
carry out all that might be desired in 





education. There are limitations of both 
time and educational cost which make it 
impractical to do more than approach to- 
ward a better and more desirable type of 
educational program than that found in 
many of our technical colleges today. 


W. H. Carrier.”* 


Pulverized-Coal Develop- 
ment 
ComMMENT By E. G. Baitey*4 


The writer had very close contacts 
with John Anderson during the develop- 
ment period of pulverized coal in Mil- 
waukee.*® This contact was largely re- 
lating to metering and combustion 
control equipment, and he is, therefore, 
in a position to concur with the authors 
that a great deal of credit is due to Mr. 
Anderson and his associates for this early 
development. Among his associates, 
Fred Dornbrook should be mentioned 
particularly as the one in direct charge 
of operations who was most helpful in 
supporting Mr. Anderson. He actually 
carried out the many details which were 
so essential to the successful application 
of the system to steam boilers under con- 
ditions somewhat different from those 
which had prevailed in the cement in- 
dustry where success also had been 
achieved. 

Like many other developments of this 
kind, it was necessary to try out similar 
installations in other plants. This was 
done with a fair degree of success in 
several locations where other varieties 
of coal were used. Many of these, 
particularly the one at Cahokia, clearly 
indicated the importance of the quantity 
and character of ash in the coal. 

Following Cahokia, there were other 
modifications and a larger number of 
installations, i.e., at St. Louis, Buffalo, 
Toronto Station, State Line, Deepwater, 
and elsewhere. In these, the refractory 
furnace gave way to water-cooled fur- 
naces. Direct firing was developed to 
replace the bin, and the ash was removed 
in many cases in liquid form. Later, 
and more recently, two-stage furnaces 
have been developed and boilers with 
substantially no tube banks, such as the 
open-pass unit at the West End Station 
in Cincinnati. 

This rapid growth and these modi- 
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fications, resulting from experience, have 
built upon the Milwaukee experience 
and developed the art of burning coal in 
pulverized form to its present state of 
high efficiency, so that today approxi- 
mately 90 per cent of recent steam- 
generating equipment burns coal in 
pulverized form and operates at high 
ratings and with a high degree of reli- 
ability. 


CoMMENT BY T. A. Marsn*® 


One of the authors requested that the 
writer defend the position taken relative 
to pulverized coal at a meeting 20 years 
ago. At that meeting, and at many 
other meetings during those promotional 
days of pulverized coal, the writer's 
question was invariably: “‘What be- 
comes of the ash?’ 

Pulverized coal was promoted forcibly 
over a period during the early 1920's. 
The writer was associated with a stoker 
company adversely affected by the in- 
roads of pulverized coal. This company 
also marketed ash-handling systems. 
The question, ‘‘What becomes of the 
ash?"’ was only as commercial as its 
competitive product, pulverized coal. 

Fortunately, those were the days of 
business combinations. The stoker com- 
pany was absorbed by a company manu- 
facturing pulverized-coal equipment, 
and the writer had the pleasure of 
participating in many major pulverized- 
fuel installations, and had to meet this 
problem at first hand. 

Neither the suits resulting from fly-ash 
discharge nor the later rigid city ordi- 
nances were anticipated at the time of the 
discussion, nor did the writer foresee the 
large industry that would be built up in 
the field of fly-ash entrapment. Pulver- 
ized coal has served its field well, but 
the question, ‘‘What becomes of the 
ash?”’ is still a very pertinent one. 


ComMENT By J. F. McLauGuuin*’ 


The authors have given an interesting 
history of the development of pulver- 
ized coal in Milwaukee. The results of 
the various investigations seem to con- 
firm the conclusions arrived at by Mr. 
Dornbrook, in his paper, ‘‘Development 
of a Major Principle in Pulverized-Coal 
Firing,"’ the principal conclusion of which 
was that, ‘‘in order to prevent ash from 
sticking to the inside surfaces of any 
furnace, these surfaces must be designed 
to cool properly the ash below its plastic 
state.’” This condition has been obtained 
by decreasing the Btu release per hour 
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per square foot of furnace heat-absorbing 
surface to around 70,500. 

The new unit at Des Moines Power 
Station No. 2, which is operated at 
1340 psi 925 F and is tangentially fired, 
using Iowa coal of 9200 to 9500 Btu per 
lb with ash-fusion temperature of 1925 F, 
has a Btu release per hour per square foot 
of furnace surface of 105,000 at full-load 
rating. Hand lancing of the furnace 
and superheater is necessary. 

There is some question whether the 
tangential method of firing, due to the 
bombardment of the heavier ash parti- 
cles on the walls, might still cause slag 
to stick to the walls, even though the 
heat release was the same or lower than 
the Milwaukee furnaces where the over- 
head method of firing is used. 

The writer would be interested, and is 
sure others would be, in Mr. Kreisinger’s 
comments on this question. 


AutTHoR’s CLosurE 


Mr. McLaughlin asks the question 
whether with the tangential firing, due 
to the bombardment of heavy ash parti- 
cles on the wall, more slag would not be 
deposited on the walls than with the 
vertical firing even if the rate of heat 
release were the same. This question is 
brought up by the comparison of operat- 
ing experience obtained on the Des 
Moines tangentially fired furnace with 
the operating experience obtained on the 
vertically fired furnaces of Milwaukee, 
particularly the furnace at Port Washing- 
ton. 

In the absence of comparable operating 
results it is difficult to answer the ques- 
tion convincingly. Comparison of the 
operating results of the Des Moines in- 
stallation with the Port Washington 
operating results is deceiving because the 
rate of heat release, the coal, and the de- 
sign of the two units are different in the 
two installations. 

The heat release in the Des Moines 
unit is 105,000 Btu per sq ft of furnace 
water-cooled surface with a steam output 
of 325,000 Ib per hour. With an average 
heat value of the coal of 9350 Btu per Ib, 
11.2 lb of coal containing 1.96 lb of ash 
is burned per sq ft of the water-cooled 
furnace surface. 

The heat release at the Port Washing- 
ton unit is 70,500 Bru per sq ft of water- 
cooled and steam-cooled surface with a 
steam output of 690,000 Ib per hour. 
With coal having 12,900 Btu per Ib, 
5.46 lb of coal containing 0.68 lb of ash 
are burned per sq ft of water-cooled fur- 
nace surface. Thus, the Des Moines in- 
stallation has about three times as much 
ash per sq ft of water-cooled furnace sur- 
face as the Port Washington installation. 
This much larger quantity of ash com- 


bined with about 300 F lower ash-fusion 
temperature and higher furnace tempera- 
ture due to higher heat release accounts 
for much of the hand-lancing of the fur- 
nace water-cooled surfaces of the Des 
Moines installation. 

Similar causes account for the neces- 
sity of hand lancing of the Des Moines 
superheater. The effective furnace 
volume is 15,700 cu ft. The total heat 
release is close to 400 million Btu at a 
steam output of 325,000 lb per hour, 
making the rate of heat release about 
25,200 Btu per cu ft of furnace volume. 
To release this amount of heat 2.7 lb of 
coal of 9350 Btu and containing about 
0.47 Ib of ash must be burned per cu ft of 
furnace volume. 

The effective furnace volume of the 
Port Washington unit is 55,000 cu ft. 
The total heat release at a steam output 
of 690,000 Ib is 880 million Bru per hour, 
making the rate of heat release 16,000 
Btu per cu ft of furnace volume per hour. 
For this rate of heat release 1.24 lb of coal 
containing 0.155 lb of ash must be burned 
per cu ft of furnace volume per hour. 
This amount of ash is only about one 
third of the amount in the Des Moines 
unit. That is, in the Des Moines unit the 
concentration of the ash per cubic foot of 
furnace gases is about twice as high and 
the gases move through the furnace about 
one and a half times as fast as in the Port 
Washington unit. 

There are four factors contributing 
to the slag deposition in the superheater 
of the Des Moines unit, the higher con- 
centration of ash in gases, higher velocity 
of gases, lower fusion temperature of ash, 
and higher temperature of gases entering 
the boiler and superheater. 

There is considerable difference in the 
design of the two units. The Port Wash- 
ington unit as all the Milwaukee units 
has been designed by the Milwaukee en- 
gineers; it is a noncompetitive unit and 
costs more than the Des Moines unit 
which is highly competitive. Port 
Washington plant operates on reheat 
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cycle. All of the reheating and about one 
half of the superheating is done in the 
furnace with surface absorbing heat 
mostly by radiation. With the radiant 
superheater and reheaters high concen- 
tration of heat in the furnace must be 
avoided, and that is one reason for a low- 
rate heat release. The steam is super- 
heated to 830 F and reheated to the same 
temperature. 

The Des Moines unit is designed for 
steam temperature of 925 F which is 
nearly 100 degrees higher than the steam 
temperature of the Port Washington 
unit. The superheater is entirely of the 
convection type and is located back of 
two rows of boiler tubes. The gases 
flowing over the superheater must not 
only contain enough heat to superheat 
the steam, but their temperature must be 
high enough to transfer the heat to the 
steam inside of the superheater. The 
necessary high temperature of gases en- 
tering the superheater requires high rate 
of heat release. 

In the Des Moines unit the superheat- 
ing is done after the gases leave the fur- 
nace, whereas in the Port Washington 
unit all of the reheating and about half 
of the superheating is done mostly by 
radiation before the gases leave the fur- 
nace. Hence the necessity of high rate of 
heat release in one case and low rate in 
the other. 

It is the author’s opinion that with the 
same rate of heat release, same coal, and 
similar design of units, there is no greater 
bombardment of the furnace wall by 
large ash particles and more accummula- 
tion of slag on the furnace walls with the 
tangential firing than there is in vertical 
firing. In the tangential firing the 
streams of fuel and air are directed to- 
ward the center of the furnace away from 
the walls. The streams are made to im- 
pinge on each other but not on the walls. 


Henry KreEIsINGER.”® 


°8 Engineer in charge Research and Develop- 
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Wood-Burning Space Heaters 


To THE Eprror: 

In the paper ‘‘Wood-Burning Space 
Heaters,"" by L. E. Seeley and F. W. 
Keator, published in the December, 1940, 
issue Of MecHANICAL ENGINEERING, an 
account was given of the use of the power 
prover to show the presence of combus- 
tible gases not revealed by the Orsat. A 
calibration was made of the power 
prover versus the Orsat with charcoal in 
which it was found that the carbon mon- 
oxide (CO) as shown by the power 
prover was lower than that shown by the 
Orsat. While the object was to find the 





relation of the two readings with char- 
coal, the authors mistakenly assumed 
that if CO was the sole combustible gas, 
both instruments would give the same 
results. The fact is that the power 
prover, while responsive to all of the 
combustible gases present, uses on its in- 
dicating scale only the CO actually pres- 
ent in said gases. This has been found 
possible with the exhaust gases from 
gasoline engines due to the uniformity of 
the fuel and the fact that other combus- 
tible constituents appear to be present in 
predictable amounts, depending upon the 
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CO. Thus the actual heat of combus- 
tible gases is greater than the per cent CO 
reading of the machine indicates. It logi- 
cally follows that if CO is the sole com- 
bustible gas, the reading on the power 
prover would be lower than the Orsat CO 
reading. The authors assumed that the 
power-prover indication was in terms of 
the equivalent CO regardless of the 
nature of the combustible gas. This ex- 
plains why the power-prover readings 
were lower than the Orsat when char- 
coal was used. Fortunately, this error in 
the use of the scale in no way impairs the 
validity of the observations and conclu- 
sions of the authors. Fig. 9 showed that 
at times the CO readings of the power 
prover were higher and at other times 
lower than the Orsat due to the presence, 
at times, of combustible gases other than 
CO. It was found that during the distil- 
lation of the wood the power prover in- 
dications were relatively high and during 
the charcoal stage they were relatively 
low. For the purpose of this experiment 
the scale could have been anything at all 
since the deflection of the needle was 
necessarily responsive to the heat formed 


by the combustible constituents, what- 
ever they were. 

It was unfortunate that the basis of the 
scale was misunderstood since it may 
have created an erroneous impression re- 
garding the accuracy of the power prover. 

Lauren E. SEerey.” 


Bust of Rankine 


To THe Epiror: 


I am very pleased to see in your De- 
cember issue the fine notice given to 
the bust, erected at Virginia Polytechnic 
Institute, of John Macquorn Rankine. 

The inception and completion of this 
idea is due entirely to the unselfish and 
continuous energy of Professor William 
H. Rasche of that Institute. We mem- 
bers of the class of ‘02 contributed money 
toward the cost of this project, but Pro- 
fessor Rasche contributed money, and 
time, and energy. The result is a great 
honor to him. 

W. P. Tams, Jr.*° 


~ % Associate Professor, Yale School of Engi- 
neering, New Haven, Conn. Mem. A.S.M.E. 

8 Gulf Smokeless Coal Company, Tams, W. 
Va. 
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Interpretations 


HE Boiler Code Committee meets 
monthly for the purpose of consider- 
ing communications relative to the Boiler 
Code. Anyone desiring information on 
the application of the Code is requested 
to communicate with the Secretary of the 
Committee, 29 West 39th St., New York. 
The procedure of the Committee in 
handling the cases is as follows: All in- 
quiries must be in written form before 
they are accepted for consideration. 
Copies are sent by the Secretary of the 
Committee to all of the members of 
the Committee. The interpretation, in 
the form of a reply, is then prepared 
by the Committee and passed upon at a 
regular meeting of the Committee. 

This interpretation is later submitted 
to the Council of The American Society 
of Mechanical Engineers for approval 
after which it is issued to the inquirer 
and also published in Mecuanicat Enor- 
NEERING. 

Following is a record of the interpreta- 
tions of this Committee formulated at the 
meeting of January 10, 1941, which were 
subsequently approved by the Council of 
The American Society of Mechanical 
Engineers. 


Case No. 917 
(Special Ruling) 

Inquiry: In the construction of a 
fusion-welded drum with an intermediate 
circumferential seam, will the require- 
ments of the Code be met if the longitudi- 
nal tube-hole ligament where the inter- 
mediate circumferential seam is placed is 
increased to take care of the weld, by a 
fraction of the longitudinal tube-hole 
ligament? The increased ligament is to 
have a longitudinal pitch equal to the 
regular tube-hole ligament plus 0.1Y, Y 
being the width of the circumferential 
weld. 


Reply: It is the opinion of the Com- 
mittee that if the weld forming the cir- 
cumferential joint is of the full thickness 
of the plate, and meets the requirements 
of Case No. 850 (that the hole does not 
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come closer to the weld than '/4 in. from 
the edge of the fused metal), no deduc- 
tion need be made in the minimum allow- 
able working pressure computed for the 
same tube layout without a circumferen- 
tial weld. 


Case No. 918 
(Interpretation of Par. P-300) 


Inquiry: Par. P-300 of the Code calls 
for partial data reports to be furnished for 
piping fabricated in accordance with this 
paragraph. Will it be considered as meet- 
ing the requirements of the Code if the 
piping manufacturers or fabricators who 
are in possession of the proper stamps, 
furnish the manufacturers’ data report 
which includes the certificate of field as- 
sembly inspection? 

Reply: It is the opinion of the Com- 
mittee that in cases where the piping is 
furnished and erected by other than the 
boiler manufacturer, the contractor for 
the piping covered by this Code shall 
furnish a data report covering the shop 
and field-assembly inspections. 


Case No. 919 
(Interpretation of Pars. U-59 and U-76) 


Inquiry: As it is now generally con- 
ceded that the local stress relieving of 
nozzles and other welded attachments as 
provided for in Pars. U-59(p) and U-76(¢) 
(4) is more likely to be injurious than 
beneficial, may not the requirements for 
local stress relieving of such attached 
parts be waived? 

Reply: It is the opinion of the Com- 
mittee, based on reported experience, that 
nozzles and other welded attachments on 
a Par. U-69 vessel need not be stress-re- 
lieved unless the vessel as a whole is re- 
quired to be stress-relieved, provided all 
such nozzles and attachments are welded 
by a procedure which will prevent ex- 
cessive locked-up stresses and warpage. 

Caution: Acertain degree of preheating 
provided either by the welding itself or 
by other means will be necessary in some 
cases. 

If a vessel as a whole is not required to 
be stress-relieved but some parts, because 
of thickness if any welding is done on 
them, are required to be stress-relieved, 
the parts shall be so treated before being 
attached to the vessel. 


Revisions and Addenda to Boiler 
Construction Code 


T IS the policy of the Boiler Code 
Committee to receive and consider 
as promptly as possibly any desired re- 
vision of the rules and its codes. Any 
suggestions for revisions or modifications 
that are approved by the Committee will 


be recommended for addenda to the code, 
to be included later in the proper place 
in the code. 

The following proposed revisions have 
been approved for publication as pro- 
posed addenda to the code. They are 
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Table U-3. Revise to read as follows: 


TABLE U-3 MAXIMUM ALLOWABLE WORKING STRESSES FOR NONFERROUS MATERIALS IN LB PER SQ IN. 
FOR METAL TEMPERATURES NOT EXCEEDING DEG F 


Spec. 
Material number 
j S-24 
Muntz metal + S-47 
\ Bs57-27 
Red brass S-24 
High brass _S-24 
S-2 
Admiralty te. 
| S-47 
Naval brass (6 
Copper-silicon alloy, J $-36 
types A and C . 8-37 Ga 
Steam bronze S-41 (5 
Steam bronze S-46 (5 
Monel metal (2 S-54 
Cupro nickel 70-30 S-47 G 
Cupro nickel 80-20 S-47G 


S-2 
Copper annealed, all types S-22 
\ S-23 
Aluminum manganese alloy, an- 
nealed S-39 
Aluminum-manganese alloy quar- 
ter-hard or as-rolled S-39 


Subzero to 


150 250 350 400 450 500 550 600 650 700 7§0 
10000 gooo 2000 1500 

7000 6500 §000 3000 1000 800 

7000 6500 5000 3000 1000 800 

gooo 8500 6000 3000 1000 800 
11000 10000 6000 3000 
10000 10000 5000 

7000 7000 6000 §§00 5000 4000 3000 

6000 5 §00 4500 3500 es 
14000 14000 14000 14000 14000 14000 14000 14000 14000 14000 14000 
11000 11000 11000 11000 11000 10000 10000 gooo gooo 8000 8000 
1000¢ 1000 10000 +10000 10000 gooo gooo 8000 8000 7000 7000 

6000 5000 4000 3000 

2800 2400 1800 1600 

3500 3000 2400 2200 


Nores: The stresses given in the above table may be interpolated to determine values for intermediate temperatures. 


1) Type A and C only. 


2) Applies to 70,000 |b tensile strength rolled and annealed material. 

3) 70-30 copper nickel and 80-20 copper nickel, types A and B only. 

4) There is doubt concerning the suitability of this material when exposed to certain products and/or high temperatures, particularly steam 
above 212 F and the user should satisfy himself that it is satisfactory for the service for which it is to be used. 

(5) In the absence of evidence that the casting is of high quality throughout, values not in excess of 80 per cent of those given in the table 


shall be used. 


6) U.S. Navy Department Specification 46-B-6-i. 


published below with the corresponding 
paragraph numbers to identify their loca- 
tions in the various sections of the code, 
and are submitted for criticism and ap- 
proval from anyone interested therein. 
It is to be noted that a proposed revision 
of the code should not be considered 
final until formally adopted by the Coun- 
cil of the Society and issued as pink- 
colored addenda sheets. Added words 
are printed in SMALL CAPITALS; words to 
be deleted are enclosed in brackets [ ]. 
Communications should be addressed to 
Secretary of the Boiler Code Committee, 
29 West 39th St., New York, N. Y., 
in order that they may be presented to 
the Committee for consideration. 


Par. P-274. Add the following footnote 
under the table: 

Nore: When a boiler is fired only by a gas 
having a heat value not in excess of 200 Bru 
per cu ft, the minimum safety valve relieving 
capacity may be based on the values given for 
hand-fired boilers above. 


Tables P-9 and U-3 Add the following 


stresses: 


S-35, S-33, S-57, grades F4, C4, and WC4.... 


Delete footnote (13) 





Specification Notes and 35 ¢0 
number Grade limitations 650 700 
A.S.T.M. Bir 
A193-391* 


Specification §-58. This specification will 
be identical with A.S.T.M. Specifications B57- 
27. 

Specification §-59. This specification will 
be identical with A.S.T.M. Specifications 
A135-34. 

Par. U-73(a). Revise first section to read: 

Longitudinal joints on vessels covered by 
Pars. U-68 and U-69 shall be of the double- 
welded butt type and a reinforcement of at 
least !/;6 in. shall be built up on each face 
of the weld, except that for plates 1/4 in. or 
less in thickness the reinforcements need not 
exceed 25 per cent of the plate thickness. 

The reinforcement on either or both faces 
of the weld may be removed, but if not re- 
moved there shall be no valley, groove, or 
other change in contour along the edge or 
upon the surface of the weld that, in the opin- 
ion of the inspector, would be objectionable. 

When a butt-welded joint is made the equiva- 
lent of a double-welded joint (See note in 
Par. U-67) by using backing strip and adding 
filler metal on one side only, the requirement 
for reinforcement applies only to the side 
opposite the backing strip. The backing 
strip may be allowed to remain or it may be 
removed. 


goo F 950 F 1000 F 


eee ie eee 10200 8000 5000 


For metal temperatures not exceeding deg F 
750 800 850 900 9§0 1000 10§0 1100 


(11) (42) 16000 16000 16000 16000 13800 11000 8250 5850 3850 2200 





‘“BLADES 


(Photograph taken by W. P. Brandegee and 

shown at the Fifth Annual Photographic Ex- 

hibit which was held during the A.S.M.E. 

Annual Meeting, Dec. 2-6, 1940, New York, 
N. Y.) 
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And Notes on Other Engineering Activities 


Industries of the Southeast Represented on Program 
for A.S.M.E. Spring Meeting, Atlanta, Ga., 
March 31—April 3, 1941 


HE rapidly developing industrial empire of 
i Southeast, so conveniently accessible 
from Atlanta, Ga., affords abundant oppor- 
tunity for excursions and technical inspection 
trips as well as subject matter for engineering 
discussion upon which the 1941 Spring Meet- 
ing of The American Society of Mechanical 
Engineers, to be held March 31 to April 3, with 
headquarters at the Biltmore Hotel, Atlanta, 
has been based. 

Preliminary announcement of the Atlanta 
meeting in these pages last month can now be 
supplemented with more definite plans and 
the technical program itself, which, it will be 
seen, draws heavily upon the region in the im- 
mediate vicinity of the convention. Growth 
of the Southern textile industry has engaged 
the interests of engineers for years. At Green- 
ville, S. C., only a comparatively short dis- 
tance from Atlanta, the Southern Textile Ex- 
position, scene of many meetings of the 
A.S.M.E. Textile Division, will be in full 





swing during the A.S.M.E. meeting at At- 
lanta, and will be the scene of all-day textile 
sessions on April 4, thus affording a double in- 
centive for engineers and textile men in par- 
ticular to put the A.S.M.E. Spring meeting on 
their calendars. 


Variety of Technical Subjects 


Not only will the processing of textile fibers, 
one of the earliest fields for the application of 
machinery and engineering, be subject for dis- 
cussion, but the methods and machinery by 
which other agricultural products—cotton- 
seed, peanuts, soybeans, and tung oil—are 
processed will be discussed in two sessions and 
a luncheon devoted to vegetable oils. 

Power, both steam and hydroelectric, of 
which the region affords such interesting and 
well-known examples, provides the basis of a 
number of papers sponsored by the Power, 
Fuels, and Hydraulic Divisions. The Manage- 
ment Division is cooperating with the Com- 
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REPRODUCTION OF SECTION OF THE CYCLORAMA, REALISTIC PAINTING OF THE 


HISTORIC BATTLE OF ATLANTA 


Housed in a museum of modern design in Grant Park, this huge battle painting is one of the 
few specimens of its kind remaining in the United States, and annually attracts thousands. ) 
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mittee on Education and Training for the In 
dustries in sessions devoted to timely subjects 
including apprentice training. 

The Heat Transfer Group has provided a 
session at which subjects related to solar heat- 
ing are to be discussed, and the Materials 
Handling Division is sponsoring a paper on 
the economics of strip mining with portable 
belt conveyers, with particular reference to 
clay working. 


Plan of Meeting Provides Opportunity 
for Relaxation 

The general scheme of the 1941 A.S.M.E. 
Spring Meeting provides for technical sessions 
on Monday evening, and on the mornings of 
the next three days. Monday morning is de- 
voted to registration and plant-inspection 
trips for students who will be in attendance 
not only from the Georgia School of Tech- 
nology but also from other engineering schools 
in the Southeast where the Society maintains 
student branches. The student members are 
staging a technical session for Monday after- 
noon at Georgia Tech to which all A.S.M.E 
members and guests are invited. 

On Tuesday, Wednesday, and Thursday 
luncheons have been arranged. The students 
will be present at the Tuesday luncheon, while 
the luncheon on Thursday will stress vegetable 
oils and be addressed by A. Weisselberg, of 
New York, research secretary of the A.S.M.E 
Process Industries Division. His subject will 
be “‘Research in the Process Industries."’ 

Plant-inspection trips are scheduled for 
Tuesday afternoon, while Wednesday after- 
noon affords a break in the strenuous technical 
activities and is devoted to golf and sight 
seeing. 

An informal get-together has been arranged 
for Tuesday evening, to be followed by a 
Student-Group dance. Wednesday evening 
will be the occasion for a banquet and dance, 
the high light of the social functions of the 
meeting. 


To Visit LeTourneau Co. of Ga. 

One of the most popular trips being arranged 
during the Spring Meeting is that to the plant 
of LeTourneau Co. of Georgia, at Toccoa, 
Ga., about 95 miles north of Atlanta. In mak- 
ing the arrangements for this trip the com- 
mittee in Atlanta were fortunate in seeing Mr 
LeTourneau, himself, for a few minutes 
Mr. LeTourneau has an enviable reputation not 
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only in Georgia but throughout the United 
States as a most unusual person who exhibits 
an extraordinary originality in the design of 
earth-moving and other machinery. 

The committee actually saw under construc- 
tion a ‘‘digger’’ which will be able to scoop up 
a 3l-cubic-yard mouthful of earth and remove 
it at high rate of speed to some other location. 
It is one of those things that ought to be in- 
cluded in a Ripley ‘believe it or not’’ program, 
but actually Mr. LeTourneau is able to make 
such machines work. 


The Technical Program 


The three technical sessions scheduled for 
Monday evening are devoted to Power, Educa- 
tion and Training, and Materials. W. LeR. 
Emmet, ‘Father of the Mercury-Vapor Proc- 
ess,"’ will address the Power Session on appli- 
cations of the process to existing power sta- 
tions. His paper will be followed by one on 
the 1400-lb boiler experiment at Deepwater. 
The Education and Training Session will fea- 
ture two educational films. Ata third session, 
sponsored by the Materials Handling Division, 
the paper on strip mining with portable belt 
conveyers will be presented. 

Tuesday morning's three sessions are to be 
devoted to Power, Education and Training, 
and Steam Separation. The first Fuels Session, 
on Wednesday morning, will afford oppor- 
tunity for a discussion of steam-plant planning 
for the TVA, and the conversion of a wet- 
bottom furnace from intermittent to continu- 
ous slag tapping. On the same morning the 
Hydraulic Division will conduct the first of 
its sessions with a paper on Francis-turbine 
installations at Norris and Hiwassee dams. 

The third Tuesday morning session will be 
jointly sponsored by the Management Division 
and the Committee on Education and Training 
for the Industries, and will deal with appren- 
tice training and industrial marketing from 
the salesman’s point of view. 

Tuesday morning will also be the occasion of 
a fourth session, the first of those devoted to 
vegetable oils, with papers on mechanical proc- 


Registration Fee for Non- 
members at the 1941 
Spring Meeting 


There will be a registration fee of $2 
for nonmembers attending the 1941 
A.S.M.E. Spring Meeting at Atlanta, 
Ga., March 31-April 3, 1941. For 
nonmembers wishing to attend just 
one session of the meeting the fee will 
be $1. This is in accordance with the 
ruling of the Standing Committee on 
Meetings and Program. 

Members wishing to bring nonmem- 
ber guests may avoid this fee by writing 
to the Secretary of the Society before 
March 24, 1941, asking for a guest- 
attendance card for the Spring Meeting. 
The card, upon presentation by a guest, 
will be accepted in lieu of the registra- 
tion fee. Guests are limited to two per 
member. 
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PLANTS OF THE ATLANTIC STEEL COMPANY, GEORGIA’S ONLY STEEL MILL 


esses in the production of vegetable oils, with 
particular reference to peanut oil, and the ef- 
ficiency of cottonseed-oil recovery. 

Thursday morning also provides four tech- 
nical sessions. At the second Fuels Session 
there will be two papers, one related to the 
combustion of four fuels into one boiler, and 
the other to the utilization of refuse fuels at 
the 12th Street Station. 

The Heat Transfer Session on Thursday 
morning will feature a paper on the perform- 


ance of flat-plate solar-heat collectors and on 
radiation problems associated with absorption 
and radiation of gases with special reference to 
nocturnal irradiation predictions from aero- 
logical soundings. 

At the second session on vegetable oils on 
Thursday morning the two papers will deal 
with the extraction of soybean and tung oils. 

The final session on Thursday morning will 
be devoted to a paper on power-operated rakes 
for hydraulic intakes. 


A.S.M.E. Spring Meeting Program 
Atlanta, Ga., March 31—April 3 


Headquarters, Hotel Biltmore 


MONDAY, MARCH 31 
9:30 a.m. 
Plant-Inspection Trips for Students 
2:00 p.m. 
Technical Sessions for Students at Georgia 
School of Technology 
8:00 p.m. 


Council Meeting 


Power (1) 

Application of Emmet Mercury-Vapor Process 
to Existing Power Stations, by W. LeR. 
Emmet 

Deep Water—1400-Lb Boiler Experiment, by 
D. C. Carmichael 

Education and Training (1) 

Movies of Machine-Tool Operations and 
Punch-Press Operations at General Electric 
Company With High-Speed Camera, with 
talks by W. L. Merrill and L. T. Weller 

Erpi Classroom Film, by V. C. Arnspiger 

Textile 

Cooperation of Textile Industry With Defense 
Program, by Stephen Hale 

Personnel Training for Textile Industry, by 
Allen Jones 

TUESDAY, APRIL 1 

8:00 a.m. 

Meeting of Honorary Chairmen of Student 
Branches 

9:30 a.m. 

Power (II) 

Study of Damper Characteristics, by P. S. 

Dickey 


New Steam Plants Under Construction in the 
Southern Division of the Commonwealth 
and Southern Corporation, by E. C. Gaston 


Education and Training (II) 


Plans for Training in the College Grade, by 
R. A. Seaton 

Army-Matériel Inspection, by Brig-Gen. R. 
W. Case 


Steam Separation 
Separation of Liquid From Vapor Using Cy- 
clones, by Arthur Pollak and Lincoln T. 
Work 
12:30 p.m. 


General Luncheon—Students invited 


2:00 p.m. 
Plant-Inspection Trips 


Management 
The Relation of Apprentice-Training Programs 
to National Defense, by S. D. Moxley 
Training Factory Workers at Wright Aero- 
nautical Corporation, by Bartley Whiteside 
6:30 p.m. 
Informal Get-Together 
8:30 p.m. 
Student Group Dance 


“Program continued on following page) 
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WEDNESDAY, APRIL 2 
9:30 a.m. 
Fuels (1) 

Steam-Plant Planning for the Tennessee Valley 
Authority, by W. R. Chambers 

Experiences With Wet-Bottom Furnaces, by 
A. L. Luke 

Vegetable Oils (I) 

Mechanical Processes in Vegetable-Oil Pro- 
duction, by Charles L. Lockett 

Efficiency in Cottonseed-Oil Recovery, by John 
F. Leahy 

Hydraulic (1) 

Francis-Turbine Installations at Norris and 

Hiwassee, by G. R. Rich and J. F. Roberts 
Materials Handling 

Economics of Strip Mining With Portable Belt 
Conveyers (Clay Working), by William W. 
Kingman 

12:30 p.m. 

Planned Luncheon 

Luncheon, Nominating Committee 

2:00 p.m. 

Individual Plant Trips 

Golf Tournament 

Sight Seeing 

6:30 p.m. 

Banquet and Dance 


THURSDAY, APRIL 3 


9:30 a.m. 
Fuels (II) 
Combustion of Four Fuels in One Boiler, by 
W. J. Lutz . 





Dear A.S.M.E. Wire: 

















































I hope this letter finds you with all plans 
made for a trip to Atlanta for the A.S.M.E. 
Convention from March 31 to April 3. We 
have al! of us wives here been looking forward 


Utilization of Refuse Coals at 12th Street Sta- 
tion, by J. A. Reich 


Heat Transfer 
The Performance of Flat-Plate Solar-Heat Col- 
lectors, by H. C. Hottel and B. B. Woertz 
Radiation Problems Associated With Absorp- 
tion and Radiation by Gases With Special 
Reference to Nocturnal Irradiation Predic- 
tions From Aecrological Soundings, by James 
Anderson and L. M. K. Boelter 


Vegetable Oils (II) 

Continuous Solvent Extraction of Vegetable 
Oils With Special Reference to Soybeans, by 
C. W. Bilbe 

Problems in Tung-Oil Extraction, by R. S. 
McKinney 

Hydraulic (II) 

Power-Operated Rakes for Hydraulic Intakes, 
by George T. Abernathy 

12:30 p.m. 

Vegetable-Oils Luncheon 

Research in Process Industries, A. Weisselberg 

1:00 p.m. 

Entrain for Greenville, S. C. 

Motorcade leaves for Greenville, S. C., with 
stop at Toccoa, Ga., to visit plant of LeTour- 
neau Company 

3:00 p.m. 

Textile Session at Greenville, S. C. 

(Auspices of Textile Division and Greenville Sec- 
tion, A.S.M.E.) 

Textile Exposition at Greenville 

6:30 p.m. 


Engineers’ Dinner at Greenville 


A Letter to A.S.M.E. Wives 


From the Wife of an Atlanta Member 


eagerly to meeting you and having you as our 
guests at that time. Please believe me when I 
say that it will be a real disappointment to us 
if a single one of you fails to come! 

The Society couldn't have picked a better 
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date for its meeting as far as we are concerned, 
for spring in Atlanta is truly beautiful, and we 
are going to be very proud when we drive you 
around our city to show you what we look 
like ‘‘in bloom.’ If you are a garden enthu- 
siast you will be able to spot far more flowers 
than the violets, narcissus, crocus, daffodils, 
jonquils, pansies, and tulips, that I can promise 
you. Some of the flowering shrubs may be new 
to you among the Chinese magnolias, for- 
sythia, pyrus japonica, spiraea, thrift, and star 
of Bethlehem. The peach, plum, cherry, and 
pear trees will be in full bloom, and the dog- 
wood, if the weather continues as mild as it 
has been, will be bursting forth. 

Since ‘‘Gone With the Wind”’ has made our 
city so well known to the greater share of the 
population of the country, we know you are 
going to be interested in seeing the city which 
has grown on the ashes of the old Atlanta 
Driving down Peachtree Street you will not 
see Aunt Pittypat’s home, but you will see a 
number that might have been. Even more 
numerous are the homes that might have been 
Scarlett and Rhett’s postbellum mansion. A 
few of the places which the flames spared we 
know you will want to visit—the House of 
Three Flags, which was built in 1855 and was 
spared by both the Confederate and Federal 
troops because it flew, at different times, the 
Confederate, the United States, and British 
flags. General Johnston's headquarters in At- 
lanta likewise still stands. Mimosa and Bul- 
loch Halls, both real antebellum homes are at 
Roswell, Georgia, which is only about 20 
miles from Atlanta. Bulloch Hall was the 
family home of President Theodore Roosevelt's 
mother. The Cyclorama, out in Grant Park, is 
considered to be the country’s greatest battle 
shrine and depicts in a very lifelike way, the 
battle of Atlanta. The figures in the fore- 
ground are sculptured ones, while the 
background is painted. Another place you 
will want to visit is the ““Wren's Nest,"’ the 
home of Joel Chandler Harris, creator of Uncle 
Remus and Br’er Rabbit stories. 

If you are like I am, no trip to any city is 
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complete without a visit to the shops and 
stores. We think we are quite justly proud of 
ours, and we predict that a number of you are 
going to be doing a good bit of your spring 
shopping here. 

In addition to these reasons why we would 
like to have you come to see us, we are, at this 
writing, in the process of arranging some par- 
ties and entertainment for your pleasure while 
you are here. Whatever it takes to make your 
trip a success we are going to try to supply. 

If you have never made a trip to Atlanta, you 
may be wondering about the type of clothes to 
bring. Like any place else, Atlanta's spring 
weather is not completely predictable, but, 
barring very freakish weather, you will want 
suits, lightweight spring coats, and something 
cool, to wear in case of a very warm spell. 

We are going to be at your service from the 
minute you arrive in Atlanta. You can see as 
much of, or as little of, us as is your wish. Un- 
til then, I remain 

Sincerely yours, 
An Atlanta Wife 


A.S.M.E. Calendar 
of Coming Meetings 


March 12-13, 1941 
National-Defense Meeting 
Cleveland, Ohio 

March 31-April 3, 1941 
Spring Meeting 
Atlanta, Ga. 

April 3-4, 1941 
Textile Division Meeting | 
Greenville, S. C. 

April 22-23, 1941 
National Management Confer- 

ence on Defense 
Philadelphia, Pa. 
June 11-14, 1941 


Oil and Gas Power Division 
Kansas City, Mo. 


June 16-20, 1941 
Semi-Annual Meeting 
Kansas City, Mo. 


June 20-21, 1941 
Applied Mechanics Division 
University of Pennsylvania 
Philadelphia, Pa. 

October 12-15, 1941 
Fall Meeting 
Louisville, Ky. 

Fall, 1941 | 
Joint Meeting of A.S.M.E. Fuels | 

and A.I.M.E. Coal Divisions 

Lafayette College 
Easton, Pa. 

December 1-5, 1941 
Annual Meeting 
New York, 
N. Y 


(For coming meetings of other or- 
ganizations see page 30 of the 
advertising section of this 1ssue) 
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M.I.T. to Offer Graduate 
Courses in Industrial 
Economics 


ECOGNIZING the fact that after the war 
is over the nation will be confronted with 
problems of readjustment and reconstruction 
which in many respects will be more difficult 
than the problems created by war itself, the 
Massachusetts Institute of Technology next 
fall will start a graduate program of research 
and instruction on economic and labor prob- 
lems of industry, according to an announce- 
ment by Professor Ralph E. Freeman, head of 
the department of economics and social 
sciences, under whose direction the reviews of 
books on economics published monthly in 
MECHANICAL ENGINEERING are prepared. 


Long-Range Planning for Peacetime 


Outlining the type of problems on which 
graduate students may work in different in- 
dustries under the supervision of members of 
the faculty, Professor Freeman emphasized the 
need for long-range planning for peacetime con- 
version of plants and use of excess capacity in 
various industries now engaged in producing 
war products. He also spoke of the eventual 
absorption into industry of men in the army 
and how workers in defense industries can be 
redistributed. There is need for study, he said, 
of maintaining the impetus that the defense 
program is giving to technological invention 
and improvement to create a higher standard 
of living in the postwar period. He added, 
that in studying methods of assisting industry 
to make the eventual transition to peacetime 
operation and normal production, historical 
material should be taken into consideration to 
study the mistakes of the past. 

While the new program in industrial eco- 
nomics at the Institute does not propose to 
study these problems to the exclusion of the 
more immediate defense-program projects, 
Professor Freeman emphasized the need for con- 
structive thinking on future readjustments. 
Meantime, he said that several members of the 
staff of his department are already engaged in 
governmental work on current problems. 

Professor Freeman explained that the new 
course will stress the combination of engineer- 
ing techniques with those of the social sciences 
and students will have the benefit of the engi- 
neering resources of the Institute and oppor- 
tunities for study in a wide range of industries. 


Authorities on Staff 


In recent years the Institute has brought to 
its staff a number of authorities in the various 
fields to be covered and this group will have 
the cooperation of the teaching staff in the 
scientific and engineering departments who 
will assist in seminars in industrial technology. 
Students will also have the benefit of close 
association with the work of the department 
of business and engineering administration in 
related studies of business management, and of 
the advanced work that has been done in the 
field of industrial statistics. The fundamental 
work of the industrial-relations section of the 
department of economics and social science is 
expected to be of special value in the course. 
This new branch of professional training is 
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expected to fit graduate students for careers as 
teachers, research specialists, and industrial 
consultants in a broad field of industrial activ- 
ity in which they will bring together the tech- 
nical information of industry possessed by the 
engineer and industrialist and the knowledge, 
both in its theoretical and practical aspects, of 
the economist. The new course is expected to 
enlarge the sphere of economists who are al- 
ready sought by industrial enterprises, banks, 
trade associations, and labor organizations 
There is also a growing demand for adequately 
trained men in the various administrative 
agencies of the government concerned with in- 
dustrial relations. 

In announcing the course, which requires a 
preparation including a bachelor of science or 
a bachelor of arts degree in a university of 
recognized standing, Professor Freeman said 
that fellowships will be available to specially 
qualified students in the new course. The pro- 
gram leads to the degree of doctor of philos- 
ophy in industrial economics. 


Management Division’s 
Defense Conference to 
Stress Labor’s View 


ABOR’S Viewpoint Under National De- 
fense,”’ will be presented by a prominent 
labor leader at the National Defense Confer- 
ence to be held at the Engineers’ Club, Phila- 
delphia, Pa., April 22 and 23, 1941, by the 
A.S.M.E. Management Division. Representa- 
tives of management and government will also 
take part in the session. 

‘This exchange of viewpoint on labor's rela- 
tionship to the national-defense program 
should help every executive and supervisor in 
meeting the conditions in his own plant," 
stated Harold B. Bergen, partner, McKinsey & 
Company, who is planning the session. ‘“Too 
often,’’ said Mr. Bergen, ‘‘management does 
not exchange ideas with labor until problems 
have become chronic and then strained feelings 
make free expression of viewpoints difficult.”’ 

Other sessions of the Conference will deal 
with selection in training, multiple-shift prob- 
lems, quality control, and subcontracts. 
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MECHANICAL ENGINEERING 


Prominent Military, Naval, and Industrial Leaders 
on A.S.M.E. Army-Navy Meeting Program 


Announced for Cleveland, March 12 and 13 


EADLINERS in national defense repre- 

senting industry and naval and military 
forces are scheduled to appear on the program 
of the A.S.M.E. Army and Navy Meeting, to 
be held March 12 and 13, 1941, at Cleveland, 
Ohio, with headquarters at the Hotel Statler, 
personifying the Society's slogan *‘Engineers 
Against Time’’ with which it seeks to empha- 
size the importance of this relationship. 

As announced in these columns last month, 
the general objective of the Society's national- 
defense meetings, of which the one to be held 
at Cleveland is the third within the period of 
seven months, is to assist engineers and indus- 
trialists to convert peacetime plants for war 
work. The objectives of the two mectings 
held last fall are thus being carried forward at 
Cleveland. 


Many Groups Cooperate With A.S.M.E. 


Under the general guidance of the A.S.M.E. 
Committee on National Defense, the Society is 
bringing together in the Cleveland meeting 
the united efforts of its Aeronautic, Machine 
Shop Practice, Management, and Metals Engi- 
neering Divisions, its Committee on Education 
and Training for the Industries, and its Cleve- 
land Section, and also cooperating with it as 
joint sponsor is the Army Ordnance Asso- 
ciation. 


General Wesson Commends A.S.M.E. 
Meeting 


Success of the two previous meetings has 
again won for the Society the official ‘‘bless- 
ing’’ of Maj-Gen. Charles M. Wesson, Chief 
of Ordnance, U. S. Army, whose letter to 
William A. Hanley, President A.S.M.E., con 
tains the following expressions of encourage- 
ment and approval. 


Dear Mr. Hanley: 

Best wishes for the success of the A.S.M.E. 
National Defense Meeting in Cleveland, March 
12th and 13th. 

We hope it will dramatize the need for using 
available skills and facilities to secure produc- 
tion now before new tools and plants can be 
made completely available. To this end, inter- 
change of experience among manufacturers of 
ordnance and builders of machines is highly de- 
sirable. 

Sincerely yours, 
(Signed) C. M. Wesson 
Major-General, Chief of Ordnance 


General Marshall to Speak at Dinner 


Other evidences of the high esteem in which 
the Society's efforts are held by the War De- 
partment are to be found in the fact that officers 
holding important positions have agreed to be 
present to address the meeting, to enter into 
the discussions, and to act as chairmen of some 
of the sessions. Heading the list of these dis- 
tinguished officers is General George C. Mar- 
shall, Chief of Staff, United States Army, who 
is scheduled to speak at the informal dinner, 


on Wednesday night, March 12, at which 
William A. Hanley, President A.S.M.E., 
will preside and the Honorable Frank A. Scott, 
Cleveland, Ohio, will act as toastmaster. 
Representing the Army Ordnance Association 
on the dinner program will be C. F. Hood, 
president, American Steel and Wire Company, 
and president, Cleveland Post, Army Ordnance 
Association. For the Navy, Admiral Harold 
R. Stark, chief of Naval Operations, will 
speak. 


Off-the-Record Informality to Vitalize 
Speeches 


General Marshall will have no prepared 
address, which signifies that he will speak in 
a more intimate manner than would be pos- 
sible were direct quotation for publication 
anticipated. In fact, the nature of the meet- 
ings on national defense already held by the 
Society—and the Cleveland meeting will 
follow the same pattern—calls for ‘‘off-the- 
record”’ oral discussions which afford speakers 
greater freedom of expression than could be 
allowed in manuscripts prepared for publica- 
tion. Engineers in attendance at these previous 
meetings have sensed this more intimate 
quality in the addresses and discussions, so 
that the word has been spread around that the 
benefits of the meeting are for those in attend- 
ance. The reports that can be made for pub- 
lication, because of the nature of the addresses 
and discussions, carry only a small portion of 
the actual proceedings, to profit from which 
attendance in person is imperative. None of 
the addresses will be broadcast. 

Just as representatives of the military estab- 
lishment are able to speak more freely in the 
informality of an unreported meeting, so also 
engineers and manufacturers find the conditions 
under which the sessions are conducted favor- 
able for frank discussion of the subjects pre- 
sented. This atmosphere not only adds to 
interest and develops the kind of comment that 
would be more restrained in the absence of it, 
but it also leads to straight-to-the-point dis- 
cussion that is packed full of interest and value 
and saves time. 


Luncheon Talk on Aircraft in Action 


In addition to the dinner on Wednesday 
night there will be a luncheon on the same 
day at which Col. James L. Walsh, chairman, 
A.S.M.E. Committeeon National Defense, will 
preside. The speaker at this luncheon is an- 
other of the War Department's headliners, Lt- 
Gen. Delos C. Emmons, commanding general, 
G.H.Q. Air Force. General Emmons’ subject 
is ‘‘Fighting Aircraft in Action." 


Program Based on Five Major Topics 


The general plan of the Cleveland Meeting 
is built up around five major subjects: Am- 
munition manufacture, aviation manufacture, 
tank manufacture, subcontracting, gaging 


practices, and training and recruitment for 
national-defense industries. 

Col. Winthrop Withington, chief, Cleve 
land Ordnance District, will open the meeting 
at 9:30 Wednesday morning. Two paralle! 
sessions will be held, one on speeding tank 
manufacture, at which Lt-Col. John K. Christ 
mas, Aberdeen Proving Ground. will preside, 
and one on subcontrating, with Col. James B 
Dillard presiding. 

Metal Cutting Discussed by Experts 


The ammunition and aviation manufactur 
ing sessions will be held after luncheon 
Wednesday in two more parallel conferences 

Maj. H. M. Reedall, executive officer, Cleve 
land Ordnance District, will preside at the am 
munition session. Metal cutting will be the 
general subject of discussion at this session 
Dr. Max Kronenberg, of the Cincinnati Milling 
Machine Company, will talk on coordination 
of speed, feed, depth of cut, horsepower, tools 
and tool life for maximum shell production 
Experts in metal cutting will discuss tungsten 
carbide and high-speed steel in shell turning 
among whom are J. R. Longwell, of the 
Carboloy Company, Philip McKenna, presi 
dent, McKenna Metals Corporation, and M 
F. Judkins, of the Firth-Stirling Steel Co 

At the Wednesday afternoon aviation sessio: 
the subjects for discussion will include a talk 
on planning for accelerated production, by) 
Arvid Nelson, of the United Aircraft Corp 

The two parallel sessions scheduled for 
Thursday morning are devoted to gaging prac 
tices and to ammunition manufacture at which 
Lt-Col. A. B. Johnson, Ordnance Department, 
Office of the Assistant Secretary of War, will 
preside. Improvements in shell forging and 
improvised methods for rapid munitions manu- 
facture are the principal subjects for discussion, 
which will include the important question of 
jobs for small plants. 

At the gaging session S. B. Terry, chief 
engineer, Gage Division, Pratt and Whitney 
Aircraft Co., will speak on modern gaging 
practice, and Fay Aller, chief engineer, Gage 
and Machine-Tool Division, Sheffield Gage 
Corp., will discuss gaging operation in shell 
manufacture. Elmer J. Bryant, Gage Division, 
Army and Navy Munitions Board, Machine 
Tool Committee, will talk on gage suppl) 
James H. Herron will preside. 


Training of Workers and Inspectors 


The concluding session of the meeting wi!! 
be held on Thursday afternoon and will be 
devoted to training and recruitment of indus 
trial personnel. A. R. Stevenson, Jr., chair- 
man, A.S.M.E. Committee on Engineering and 
Training for the Industries, will preside. The 
training program of the State of Connecticut 
and the results obtained by it will be described 
by Dr. Alonzo Grace, Commissioner of Educa- 
tion, State of Connecticut. The Connecticut 
program was inaugurated two years ago. 
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Headliners at Cleveland 









Michael Kane, member of the staff of the 
National Defense Advisory Commission, will 
speak on ‘Organizing Intensive Job Instruc- 


The Program in Detail 





It is expected that the complete tinal pro 
gram will be ready for distribution by mail 
cion."’ shortly before the meeting. The program of 

B. P. Shirey of the Frankford Arsenal will che meeting, as complete as it is possible to 
discuss the important subject of training dis- announce it at the time of going to press, 
trict ordnance inspectors follows 









Program for Third Army and Navy Meeting 
on National Defense 






Cleveland, Ohio, March 12-13, 1941 
Hotel Statler, Cleveland, Ohio 







tuspices of Army Ordnance Association, A.S.M.E. Committees on Education and Training and Na- 
tional Defense; A.S.M.E. Aeronautic, Machine-Shop Practice, Management, Metals-Engineering 
Divisions, and the A.S.M.E. Cleveland Section 













WEDNESDAY, MARCH 12 






9:30 a.m. 





Opening Remarks by Col. Winthrop Withing- 
ton, Chief, Cleveland Ordnance District 







Speeding Tank Manufacture 





Presiding: Lt-Col. John K. Christmas, Aber 
deen Proving Ground 

Building Combat Tanks for the U. S. Army, by 
Frederick A. Stevenson, Vice-President in 
Charge of Operations, American Car & 
Foundry Co. 











Subcontracting 





Presiding: Col. James B. Dillard 
Subcontracting in Defense Production, by 
Robert L. Mehornay, Jr., Director, Defense 











Contract Service O.P.M., Washington, 
D.C. 
12:30 p.m. Luncheon 






Presiding: Col. James L. Walsh, Chairman, 
\.$.M.E. Committee on National Defense 







Speaker: 







eral, G.H.Q. Air Force 


Subject: Fighting Aircraft in Action 
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Lt-Gen. Delos C. Emmons, Commanding Gen- 





2:00 p.m. 
Ammunition Manufacture 


Presiding: Maj. H. M. Reedall, Executive 
Officer, Cleveland Ordnance District 

Coordination of Speed, Feed, Depth, Horse- 
power, Tools, and Tool Life for Maximum 
Shell Production, by Max Kronenberg, Cin- 
cinnati Milling Machine Co. 

Discussion on Tungsten-Carbide High-Speed 
Steel, by J. R. Longwell, Carboloy Co., 
Philip McKenna, President McKenna Metals 
Corp., and M. F. Judkins, Firth-Stirling 
Steel Co. 


Aviation Manufacture 


Presiding: Thos. A. Morgan, President, Sperry 
Products Corporation 

Planning for Accelerated Production, by Arvid 
Nelson, Factory Manager, Hamilton Stand- 
ard Propellers Division, United Aircraft 
Corp., Hartford, Conn. (Illustrated by 
slides and motion pictures} 


6:30 p.m. Dinner (Business Dress 


Presiding: W. A. Hanley, President A.S.M.E. 

Toastmaster: Hon. Frank A. Scott, Cleveland, 
Ohio 

Speakers: 

General George C. Marshall, Chief of Staff, 
United States Army 

Admiral Harold R. Stark, Chief of Naval Op- 

erations, U. S. Navy 





From left to right: Col. Frank A. Scott, Col. Winthrop Withington, Chief, Cleveland Ordnance District, Admiral Harold R. Stark, Chief of 
Naval Operations, U. S. Navy, General George C. Marshall, Chief of Staff, U. S. Army, Lieutenant General Delos C. Emmons, Commanding 
General, G.H.Q. Air Force, Major H. M. Reedall, Executive Officer, Cleveland Ordnance District. 


C. F. Hood, President, American Steel & Wire 
Company and President Cleveland Post 
Army Ordnance Association 


THURSDAY, MARCH 13 
9:30 a.m. 


Ammunition Manufacture 


Presiding: Lt-Col. A. B. Johnson, Office of the 
Assistant Secretary of War 

Improvement in Shell Forging, by J. Waleman, 
Clearing Machine Co. 

Discussion: A. T. Greiner, Salem Engineering 
Company 

Improvised Methods for Rapid Munitions 
Manufacture, by George Trundle, President, 
Trundle Engineering Co. 

Discussion: Jobs for Small Plants 


Gaging Practices 
9:30 a.m. 


Presiding: Jas. H. Herron, Jas. H. Herron Co. 

Gage Supply, by Elmer J. Bryant, Gage Divi- 
sion, Army and Navy Munitions Board, 
Machine Tool Committee, Washington, 
D. C. 

Modern Gaging Practice, by S. B. Terry, Chief 
Engineer, Gage Division, Pratt & Whitney 
Aircraft Co., Hartford, Conn. 

Gaging Operation in Shell Manufacture, by 
Fay Aller, Chief Engineer, Gage and Ma- 
chine Tool Division, Sheffield Gage Cor- 
poration, Dayton, Ohio 


12:30 p.m. Luncheon 
2:00 p.m. 


Training and Recruitment of 
Industrial Personnel 


Presiding: A. R. Stevenson, Jr., Chairman, 
4.S.M.E. Committee on Education and 
Training for the Industries 

Connecticut Training Program and Results, by 
Alonzo Grace, Commissioner of Education 
of Connecticut 

Organizing Intensive Job Instruction, by 
Michael Kane, Member of Staff ‘Training 
Within Industry,’ The Advisory Commis- 
sion to the Council of National Defense, 
Washington, D. C. 

Training District Ordnance Inspectors, by B 
P. Shirey, Training Officer, Frankford 
Arsenal 


MECHANICAL ENGINEERING 


A.S.M.E. Endorses Statement of Professional 


Responsibilities and Work in National- 


Defense Housing Projects 


A ITS meeting in Philadelphia on 
January 7, the Executive Committee 
of the Council of The American Society of 
Mechanical Engineers endorsed a state- 
ment of professional responsibilities and 
work in national-defense housing proj- 
ects referred to it by its Committee on 
Consulting Practice, S. Logan Kerr, 
chairman, prepared by representatives of 


The American Institute of Architects, the 
American Society of Civil Engineers, the 
American Society of Landscape Archi- 
tects, and The American Society of Me- 
chanical Engineers, and signed by M. X. 
Wilberding, member of the A.S.M.E. 
committee, who acted as the Society's 
representative in the conference at which 
the following statement was prepared: 


Division of Responsibilities and Work Among the Planning Profes- 


sions of Architecture, Civil Engineering, Landscape Architecture, 


and Mechanical Engineering on National-Defense Housing Projects 


Every housing project built under the na- 
tional-defense program should be functionally, 
if not physically, related to its neighboring 
communities and should promote the ultimate 
welfare of those communities. It should be 
properly integrated with them as to site and 
permanence of structure and as to transporta- 
tion, educational, recreational, sanitary, and 
other facilities. The study of this integration 
is the normal function of the city planner. 

Each project should provide adequate and 
appropriate shelters for those who are to 
occupy its dwellings and adequate and ap- 
propriate spaces and facilities to insure their 
normal health and well-being. The planning 
of such sites, facilities, and shelters and the 
supervision of their construction have long 
been the responsibilities of architects, engi- 
neers, and landscape architects in private prac- 
tice, each performing his respective services on 
the project. 

It is the opinion of the planning professions 
represented by The American Institute of 
Architects, the American Society of Civil Engi- 
neers, the American Society of Landscape 
Architects, and The American Society of Me- 
chanical Engineers that their combined serv- 
ices are essential particularly in respect to 
defense housing and that by the employment 
of their professions in collaboration, the 
greatest advantage will accrue to the govern- 
ment. 

This statement sets forth, to the extent prac- 
ticable, the respective responsibilities of 
these four professions on any collaborative 
undertaking on national-defense housing proj- 
ects. 

It is not the intention to preclude any col- 
laborator from performing any of the services 
of the other collaborators if he is qualified or 
competent to do so and if he normally per- 
forms such services by means of qualified and 
competent employees. Nor is it the intention 
that the divisions of responsibility and work 
as set out shall be inflexible; they should be 
used as guides for determining the proper divi- 


sions of work for a particular project, because 
the work to be done by each collaborator may 
differ in detail in the various projects. 

The collaborative services may be performed 
under a single contract, a joint contract, or un- 
der separate contracts with each of the col- 
laborators. All such contracts shall recite and 
include this full statement of **Division of Re- 
sponsibilities and Work." The coordinating 
authority and the extent of his authority shall 
be stated in the contract of employment. In 
housing projects, the architect normally should 
be the coordinating authority. 


Joint Responsibility of the Collaborators 


The site having been determined, it shall be 
the joint responsibility of the collaborators to 
prepare and present to the employing govern- 
mental agency a report containing their pre- 
liminary estimates of costs and recommenda- 
tions for the project, for its approval and ac- 
ceptance. 

The collaborative work and responsibility 
should cover the following fundamental fea- 
tures with respect to the site and the develop- 
ment of the project: 


(a) Determination of traffic circulation; 
arrangement, width, and controlling grades of 
streets and alleys; railway trackage location. 

(b) Determination of amount of land cov- 
erage, general locations of buildings, and gen- 
eral use of open areas. 

©) Determination of controlling grades on 
the open areas and the general elevation of pro- 
posed first and basement floors of buildings. 

(a4) Determination of general character of 
proposed landscape developments. 

Ce) Determination of general locations and 
types of utility and building services, street 
signs, fire hydrants, and project lighting (poles, 
light standards, and conduits). 

Cf) Determination of general character and 
list of drawings and specifications, to eliminate 
duplication and'to produce efficiency and econ- 
omy of design and construction 


Individual Responsibilities and Duties 
of Each Collaborator 


1 The Architect 

(a) Shall design, prepare drawings and 
specifications, and supervise construction of al! 
housing units and buildings to be used for com- 
munity purposes. 

(6) Shall plan the architectural treatment 
of all other structures or parts thereof, except 
those specifically excluded by mutual agree- 
ment in advance among the collaborators 

(c¢) Shall direct the services of mechanical 
engineers engaged on the mechanical work in 
buildings. 

(ad) Shall direct the services of civil engi 
neers where such services are required on struc- 
tural and foundation problems of buildings and 
walls incident thereto. 


2 The Civil Engineer 

(a) Shall make surveys for, and prepare all 
property, topographic, and public-utility maps. 

(6) Shall prepare plans for general grading 
and excavations for engineering developments 
unless otherwise mutually agreed upon among 
the collaborators. 

(c) Shall design, prepare drawings and 
specifications for, and supervise the construc- 
tion of domestic-water-supply systems, sewer- 
age systems, storm drainage systems, yard- 
lighting facilities, heating mains, gas mains, 
and electrical-transmission lines outside of the 
buildings 

(4) Shall design, prepare drawings and 
specifications for, and supervise the construc 
tion of public streets and alleys and such pri- 
vate drives as are included by mutual agree 
ment among the collaborators, including pav- 
ing, sidewalks, curbs, culverts, retaining 
walls, and bridges incident thereto. 

Ce) Shall design, prepare drawings and 
specifications for, and supervise construction of 
such foundations and structural parts of build- 
ings and other structures as are by reason of 
unusual conditions, not customarily designed 
by the architect. 

Cf) Shall set lines and grades for control ot 
all work of the project other than for build- 
ings. 

3 The Landscape Architect 

(a4) Shall determine specific use and ar 
rangement of land areas within the project 
based upon the general plan adopted for the 
project. 

(6) Shall design, prepare drawings anc 
specifications for, and supervise construction 
of lawns, interior walks and terraces, service 
areas, parking areas, fences, lawn irrigation 
and drainage, planting, pools, such other site 
surface improvements, and such private drives 
as are included by mutual agreement among the 
collaborators. 

(¢) Shall prepare grading plans and specif 


cations for, and supervise construction on all 
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areas under landscape development unless 
otherwise mutually agreed upon among the 
collaborators. 

(a) Shall design, prepare drawings and 
specifications for, and supervise construction of 
outdoor recreation areas, facilities and struc- 
tures incident thereto, and all walls incident 
to the landscape development. 


4 The Mechanical Engineer 

4) Shall design, prepare drawings and 
specifications for, and supervise the construc- 
tion of central heating and steam-power 
plants, service utilities in the buildings, such 
as mechanical, electrical, heating, ventilating, 
air conditioning, refrigerating, plumbing, gas, 
and other services, and all facilities and equip- 
ment therefor. 

The foregoing statement has been prepared 
by representatives of four planning professions, 
and we submit it for the approval of the 
governing bodies of the organizations rep- 
resented. 

The American Institute of Architects: Ed- 
win Bergstrom, chairman, Chas. T. Ingham, 
Edmund R. Purves, Roy F. Larson. 

American Society of Civil Engineers: Walter 
Jessup, Gustav J. Requardc. 

American Society of Landscape Architects: 
A. D. Taylor, Markley Stevenson, William A. 
Strong, Joseph C. Gardner. 

The American Society of Mechanical Engi- 
neers: M. X. Wilberding. 


A.S.A. Announces Special 


Procedure to Develop 
Emergency Standards 


HE American Standards Association an- 

nounced Jan. 22, 1941, adoption of a 
special method for quick action in developing 
Emergency Standards needed for defense pur- 
poses. This method will make it possible to 
turn out standards for parts and materials used 
in defense production as rapidly as is consistent 
with a good technical job. 

In the words of the committee drawing up 
this streamlined procedure, ‘‘It is highly de- 
sirable that the American Standards Associa- 
tion be prepared to act promptly on requests for 
the preparation of standards for use in the 
national-defense program. In order that such 
requests can be met with the speed that is 
essential, it is obviously necessary to greatly 
abbreviate the normal procedure of the Asso- 
ciation. 

The emergency procedure will empower 
special committees to act for the Association 
in starting new work, appointing technical 
committees, and in approving Emergency 
Standards. 

The role that industrial standards play in 
peacetime production is greatly increased in 
time of national emergency like the present. 
This is because standards are a key factor in 
every program of large-scale production. Ev- 
ery government order is based upon specifica- 
tions or standards; and as a single order fre- 
quently extends to hundreds of companies— 
manufacturers of parts and suppliers of ma- 
terials—each company must control its opera- 
tions closely so that the completed product 
will comply with the standards originally laid 
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Conference for Mechanical-Engineering 
Teachers to Be Held at Purdue, 
June 29 to July 3 


F , Wyre nema aeags for teachers of mechanical 
engineering, sponsored jointly by Purdue 
University, the Society for the Promotion of 
Engineering Education, and The American So- 
ciety of Mechanical Engineers, will be held at 
Purdue, June 29 to July 3. The committee in 
charge of the session consists of E. S. Ault, 
chairman, H. L. Solberg, secretary, and 
C. W. Beese. Chairmen of the program com- 
mittees for special sessions are: J. I. Yellott, 
heat power; F. C. Stewart, mechanical labo- 
ratory; R. W. Morton, machine design; 
C. H. Casberg, manufacturing processes; C. A. 
Koepke, management and process supervision; 
K. D. Wood, aeronautics; and G. L. Tuve, 
engineering theses and research. 
The tentative program is as follows 


Meetings of General Interest 


Meetings of general interest (Sunday evening 
and four mornings) 

Sunday dinner meeting: ‘‘Aims and Scope of 
the Mechanical-Engineering Curriculum"’ 
Monday Morning: ‘‘Specialized Vs. General 
Curricula.’’ A symposium followed by free 
discussion from the floor. How much time 
should be devoted to special application 
courses; how much free choice of subjects; 
how much of nontechnical courses; what 
are the fundamentals; where are we tend- 

ing? 

Tuesday Morning: ‘‘Experimental Laboratory 
Methods.”’ A prepared symposium followed 
by free discussion from the floor. Subject 
matter of laboratory instruction (some other 


down in the order. Shortcomings in the origi- 
nal standards—obsolete requirements—unnec- 
essarily close fits—faults in workmanship or 
materials—or difficulties in the way in which 
the standards are applied by the manufacturer, 
all result in bottlenecks which cut down the 
flow of aircraft, blankets, trucks, etc., from the 
factories. 


Emergency Standards Format 


All Emergency Standards will be published 
in a distinctive format that cannot be con- 
fused with regular American Standards. After 
the emergency has passed, the newly adopted 
procedure provides that “‘the Defense Emer- 
gency Standards will be reviewed by the appro- 
priate committees, and approved, amended, or 
withdrawn, through the regular procedures of 
the Association.” 

The British Standards Institution and the 
Standards Association of Australia have for 
some time both been issuing Defense Emer- 
gency Standards developed under a similar rela- 
tively rapid procedure; and such standards 
have been exceedingly valuable to the govern- 
ments and the industries of those countries in 
connection with their emergency war procure- 
ments. An interesting example of this work 


than heat power), effective methods of in- 
struction, experiment vs. demonstration, 
correlation with other subjects, handling of 
large sections 

A pertinent paper on some phase of pre- 
paredness as related to education 
‘ednesday Morning: ‘‘Aids to Teaching."’ A 
talk and demonstration of available methods 
and equipment 

‘Fluid Mechanics Vs. Hydraulics."" A 
prepared round-table discussion followed 
by free discussion from the floor 


Thursday Morning: ‘Selecting and Training a 
Teaching Staff." A talk by an experienced 
engineering administrator. Source of sup- 
ply, inbreeding, promotion policy, training, 
how to eliminate on misfits 

‘‘Encouraging Selected Students to Gradu- 
ate Study."’ A talk on aims, methods, 
and requirements for graduate study 
Requirements for graduate degrees 


Meetings of Limited Interest 


Meetings of limited interest (three afternoons, 
simultaneous sessions ) 


Monday Afternoon; Sessions on heat power, 
machine design, aeronautics, and process 
supervision 

Tuesday Afternoon: Sessions on engineering 
theses and research, machine design, and 
management 

Wednesday Afternoon: Sessions on manufactur- 
ing processes, heat power, and mechanical 
laboratory 


is the part the British Standards Institution has 
played in estimating tin-plate requirements. 
Each section of industry was asked to standard- 
ize its requirements for tin cans in order to 
effect economies in the use of steel and so re- 
lease material essential for armament purposes. 
It is estimated that as a result of the standardi- 
zation work a saving of between 40,000 and 
50,000 tons of tin plate a year will be effected. 
In another case standardization of steel re- 
quirements will, it is estimated, save Britain 
60,000 tons of steel a year. The British Stand- 
ards Institution has carried through a number 
of special defense jobs for its government, 
among them specifications for air-raid shelters 
and methods of securing effective blackout at 
entrances to buildings. 


Work Already Started 


Among the defense jobs on which the Ameri- 
can Standards Association is already working 
are: tool steels, screw threads, bolts and nuts 
and wrench-head openings, machine pins, wire 
and sheet-metal gages, mechanical fits, and 
statistical methods of quality control in mass 
production. Many of its safety-code projects 
are also important in providing protection 
for workmen on defense production jobs. 
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A.S.M.E. Council Adopts Report on Consulting 
Engineering Practice and Fees 


fe problems facing the consulting me- 
chanical engineer in setting fees for his 
services, in defining the scope of his activities, 
and in determining the cost to him of rendering 
service have been before The American Society 
of Mechanical Engineers for some time. Early 
in 1940, President McBryde initiated an investi- 
gation of these problems and in August he ap- 
pointed a Committee on Consulting Practice to 
analyze them in the light of the greatly in- 
creased use of consulting mechanical engineer- 
ing services in the national-defense program 
and also in relation to the broad aspects of 
rendering consulting services in the fields 
which are predominantly of a mechanical-engi- 
neering nature. 

The Committee on Consulting Practice was 
asked to complete its work in time for the re- 
port to be considered by the Council at the 
A.S.M.E. Annual Meeting in December. To 
accomplish this work with as little delay as 
possible, a small committee was appointed to 
prepare the draft of the report. The committee 
consisted of S. Logan Kerr, chairman (United 
Engineers & Constructors, Inc., Philadelphia, 
Pa.); Paul L. Battey (partner, Battey & 
Childs, Chicago, Ill.); and M. X. Wilberding 
(president, Wilberding Company, Inc., Wash- 
ington, D.C.). The initial meeting took place 
August 21 in Washington, at which time 
Messrs. Kerr and Wilberding of the committee 
and C. E. Davies, Secretary A.S.M.E., out- 
lined the scope of the investigation and the 
items to be covered in the report. 


Draft of Report Reviewed by Consult- 
ants and Users of Consulting Services 


Subsequent meetings brought forth a pre- 
liminary draft which was reviewed carefully 
by the committee members and Mr. Davies 
and then sent toa number of representative engi- 
neers (in all parts of the country) fully conver- 
sant with consulting engineering problems as 
they relate both to rendering and to using such 
services. The finished draft was presented to 
the Executive Committee of the Council in 
November, together with the written com- 
ments of this large informal ‘‘board of re- 
view.’” The Executive Committee referred the 
report back to the Committee on Consulting 
Practice with the request that the comments of 
the reviewers be studied and incorporated in 
the report if it were feasible to do so. 


A.S.M.E. Council Adopts Report 
Dec. 2, 1940 


Only a few modifications were required to 
clarify the meaning of certain sections and the 
final report was sent to all members of Council 
well in advance of the scheduled meeting, 
Dec. 2, 1940. The report was presented by 
Mr. Kerr and, following discussion by mem- 
bers of the Council, it was adopted unani- 
mously. While there are, of necessity, no 
mandatory provisions for enforcement of the 
recommended schedule of fees, the report as 
adopted by the Council does summarize the 


best practice followed by reliable consulting 
engineers and consulting engineering organiza- 
tions in the United States. Definitions are also 
given of the various elements which enter into 
the cost of rendering consulting engineering 
service. 

The Committee on Consulting Practice has 
been reappointed with the same personnel and 
is cooperating with similar groups in other 
societies, acting as representatives of the 
A.S.M.E. at joint conferences, and is studying 
the types and forms of contracts and accounting 
methods for consultants. 

An abstract of the report has been prepared 
and is included with this article for the benefit 
of all A.S.M.E. members. Where members or 
organizations contemplate using consulting me- 
chanical-engineering services, it is recommended that 
4 copy of the complete report be studied. 


Abstract of Report 


The report has been divided into ten sec- 
tions: (1) General principles for consulting 
work; (2) classification of consulting services; 
(3) designation of mechanical-engineering 
projects; (4) cost of rendering consulting 
service; (5) types of service on design projects; 
(6) recommended bases for making charges; 
(7) repetitive work; (8) drawings and designs; 
(9) patents; and (10) confidential data. 

The report defines the various types of con- 
sulting service and classifies them into two 
broad groups: 


(A) Personal Service, Reports, Investigations, etc. 
1 Individual service 
2 Appraisals, valuations, rate studies, re- 


ports 

3 Management and production engineering 
services 

4 Inspection or testing of apparatus, equip- 
ment, etc. 


B) Design Projects 

1 Machinery or equipment consulting serv- 
ices 
Consulting services on complete projects 
or sections of projects 


Nm 


Since the report deals primarily with me- 
chanical-engineering projects, a detailed list 


was prepared covering: (1) Complete projects 
and (2) mechanical-engineering sections of 
other types of projects. Table 1 lists these in 
dividual items. 


TABLE 1 


Group 1: Projects Predominantly Mechanical 

Engineering in Nature 

Industrial plants 

Process industries 

Manufacturing plants 

Mineral industries (except mines 

Steam power plants 

Boiler plants 

Internal-combustion power plants 

Railway shops and terminals 

Industrial water supplies 

Industrial waste disposal 

Pumping plants 

Nipdiaulic-caihla: installations (not includ 
ing dams or reservoirs ) 


Group 2: Mechanical-Engineering Sections of Other 
Types of Projects 


Mechanical equipment of buildings 

Mechanical features of housing develop 
ments 

Mechanical design of navigation locks, dry 
docks, and dredges 

Mechanical features of mining operations 

Industrial and mechanical features of ship 
yards 

Mechanical services and facilities at airports, 
etc. 


Determination of Fees 


For each of the types of service the preferred 
basis of making charges has been recom 
mended. These are shown in Table 2. 

For per-diem rates covering personal service, 
reports, and similar activities a minimum rate 
of $50 per day for each day or fraction thereof, 
with a minimum charge of $100 for each en- 
gagement is recommended. Where special 
technical knowledge or skill is involved, 
charges from $100 to $250 per day are con 
sidered reasonable. 

When long-term engagements are required, 
a reduction of 25 to 50 per cent from these mini 
mum rates is justified providing the term of c! 
gagement is in excess of one week to ten days 
Variations of the per-diem rate such as billing 


TABLE 2 TYPES OF SERVICE AND PREFERRED BASIS OF MAKING CHARGES 


Per 
(A) Personal Service, etc. diem 
1 Personal service. x 


2 Appraisals, valuations, and reports X 
3 + seemed and production engi- 
neering services X 
4 Inspection or testing of apparatus, 
equipment, etc. X 


(B) Design Projects 


1 Machinery or equipment consulting 


Services. . . X 
2 Consulting services on complete proj- 
ects... renee 
3 Consulting services on sections of proj- 
ects 


Annual Lump- Percentage Cost-plus- 
retainers sumfees of work a-fee 
xX xX 
X X 
xX X 
X 
xX 7 
x X 
X a 
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TABLE 3 RECOMMENDED MINIMUM FEES BASED ON NET COST OF WORK 


DESIGNED BY CONSULTING ENGINEER 


(Recommended minimum fees expressed as a percentage of cost of work 


A C 
Mechanical equipment of buildings Complete 
With Without mechanical-engi- 
supervision, supervision, neering projects, 
Net cost of work, dollars per cent per cent per cent 
25,000 or under 10 81/. 14 
50,000. 83/, 7'/s 123/, 
100,000 q'/4 61/, 1091/5 
200,000 61/, 51/6 9 
300,000 6 5 8 
$00,000 6 5 8 


at three times pay roll or cost-plus-a-fee, and 
cost-plus-a-percentage are also recommended. 


Percentage Fees 

Where the scope of services can be deter- 
mined in advance with some degree of accuracy 
and where the total cost of the work does not 
exceed $500,000 the method of evaluating fees 
as a percentage of the cost of the work has been 
recommended as shown in Table 3 

The detailed description of the various items 
included under this service is set forth in the 
complete report. It should be noted that these 
percentage fees do not include reproduction or 
communication costs, living or traveling ex- 
penses incurred on account of the work, nor 
do they include resident inspection or super- 
vision at the site. Such items are billed in 
addition to the percentage fee as are field sur- 
veys, etc. 


Cost-Plus-A-Fee Contracts 

For most of the services, particularly those 
lealing with design work, the cost-plus-a-fee 
basis of compensation has been recommended 
as being the most equitable arrangement for 
both the consultant and the client. This is par- 
ticularly true where the indeterminate scope of 
preliminary engineering services, coordination 
with process studies, research and experimental 
work, and preparation of estimates are re- 
juired in addition to the design. 

For cost-plus-a-fee contracts it is recom- 
mended that the fees charged in addition to the 
lirect costs and overhead be not less than 2 to 
2'/, per cent for contracts over $500,000; the 
lower figure applying to the minimum cost 
figure and the 2 per cent to projects costing in 
excess of $10,000,000. Where smaller projects 
are involved with a cost of less than $500,000, 
a fee varying from 2'/2 to 31/2 per cent is recom- 
mended. In all cases with this type of contract 
the fee should be based upon the estimated con- 
struction cost or upon the final cost, whichever 
is the lower. 


Cost of Rendering Consulting Service 

In establishing the cost of rendering any 
form of consulting services, it should be noted 
that the broad principles of doing business ot 
f performing work are applicable to consult- 
ing engineering in the same degree as to manu- 
facturing or other industries. The same gen 
ral elements of cost, the basic principles of 
keeping accounts, the definition of direct cost, 
of overhead, of executive, sales, and other ex- 
penses are all present in consulting engineering 
work, 

The segregation of costs based upon the 
same general classifications as for industrial 
vork are as follows 


1 Direct Costs for Services or Supplies Utilized on 
Contract 


a) Salaries of engineers, assistants, drafts- 
men, and other employees while en- 
gaged on project 

+) Drafting and stenographic supplies and 
expenses 

c) Reproduction costs such as blueprinting, 
photostating, mimeographing, print- 
ing, etc. 

d) Communication expense, telephone, tele- 
graph and postage 

¢) Living and traveling expenses of em- 
ployees and principals when away from 
home office on business connected with 
project 


Overhead Costs 


f) Rental or other costs involved in provid- 
ing office and working space for em- 
ployees and principals 

g) Taxes and insurance 

hb) Depreciation or rental of furniture, fix- 
tures, drafting and engineering devices 
and instruments 

i) Library and periodical expenses 

jg) Time of employees not in productive 
work including idle time of staff be- 
tween engagements or when not actu- 
ally required on the project. This con- 
stitutes a part of the cost of ‘‘readiness 
to serve” 


7) 


3 Executive and Administrative Expense 
‘k) Executive salaries and administrative ex- 
pense including accounting and similar 
charges necessary to carry on business 
Time of principals, partners, or corpora- 
tion executives 
m. Sales and new business expense 


It is often customary to group the overhead 


A.S.M.E. Test Code 


HE Test Code for Gaseous Fuels, the last 

of three test codes for fuels used in the 
generation of power, was recently completed 
by Power Test Codes Committee No. 3. 

The Power Test Codes Committee will 
welcome criticism and comment from those 
who have special interest in and knowledge of 
this field. Printer’s proof copies may be had 
on application to A.S.M.E. headquarters. 

The personnel Committee No. 3 is as fol- 
lows: W. J. Wohlenberg, chairman, E. G. 
Bailey, B. L. Boye, H. W. Brooks, S. B. Flagg, 
D. M. Myers, F. G. Philo, G. S. Pope, E. 
B. Ricketts, F. M. Rogers, E. X. Schmidt, 
Nicholas Stahl, and E. N. Trump. 


The Test Code for Gaseous Fuels is intended 








245 






items in a single classification and bill them as 
a percentage of the direct costs. This per- 
centage is usually set at 75 to 100 per cent of 
the direct pay-roll expense. No overhead is 
added to reproduction costs, communication 
expense, or living and traveling expense. 

The executive and administrative expense is 
covered by the fee which should also provide 
a reasonable allowance for profit to the indi- 
vidual, the partnership, or the corporation. 


Dual Activities of Executives and 
Principals 


In many organizations, particularly those of 
small or medium size, principals, partners, or 
officials of corporations are called upon to per- 
form executive or administrative duties con- 
currently with technical or advisory service to 
clients. Such a dual role would make it per- 
missible to charge the client for the proportion 
of time devoted to technical or advisory work 
and to consider such time as part of direct cost 
of performance service. Great care must be 
taken to prevent any time spent in purely ex- 
ecutive or administrative capacities from being 
considered as anything except overhead ex- 
ecutive or administrative expense. 


Repetitive Work 


In cases invélving housing developments, 
ammunition depots, storage or warehouse 
projects where a large number of individual 
structures are built from a single set of draw- 
ings it is recommended that a modification of 
the fees on a sliding scale be employed. This 
varies from 70 per cent of the normal fee for two 
identical units down to 35 per cent of the base 
fee for six or more identical units. 


Drawings and Patents 


lhe report also deals with the ownership of 
drawings and patents. It is recommended that 
confidential data relating to process work be 
carefully guarded by the consultant. In cases 
where a confidential design is carried out by 
the consultant it is recommended that the con- 
tract between the client and the consulting 
engineer include provision for their mutual 
protection which would outline the procedure 
to'be followed by the consulting engineer be- 
fore undertaking similar engagements for 
other organizations and also specifying a rea- 
sonable time limit within which such restric- 
tions should apply. 


for Gaseous Fuels 


primarily to specify standard methods for de- 
termination of those chemical and physical 
properties which serve as indicators of the 
value of gaseous fuels. 

In the formulation of this code the com- 
mittee has kept in mind (1) that usually these 
determinations of chemical and physical prop- 
erties must be made at or adjacent to location 
where fuel is used, and where neither equip- 
ment nor personnel are available for, test such 
as a research laboratory might be prepared to 
make; and (2) that the code should include, 
primarily, methods for determination of (4) 
heat value, and (4) those properties involved 
in computing air required for, and resultant 
products of, combustion. 





Among the Local Sections 


Colonel Walsh Guest Speaker 
at Anthracite-Lehigh Valley 


T THE Jan. 24 meeting of the Anthracite- 
Lehigh Valley Section held in Bethle- 
hem, Pa., the guest speakers were Colonel 
James L. Walsh, chairman of the A.S.M.E. 
Committee on National Defense, and S. 
Martin, Jr., General Electric Co. Colonel 
Walsh opened the meeting with an interesting 
discussion of national defense and the vital 
part played in it by mechanical engineers. 
Mr. Martin described the progress and new 
developments in the field of air conditioning 
More than a score of members attended the 
meeting despite the inclement weather. 


Baltimore Has Turnout of 85 
at January Session 


Meeting in the Engineers Club of Baltimore 
on Jan. 27, the Baltimore Section presented as 
guest speaker, Donald F. Lane, Bethlehem 
Steel Company, who talked on employee 
training at the Maryland plant of the Bethle- 
hem Steel Co. He described the various phases 
of employee training in use at the present time 
and the relationship of progress in training 
courses to promotion. Although this was a 
regular Section meeting, it was arranged en- 
tirely by the Junior Group. There were 85 
members and an uncounted number of guests 
present, including student members from The 
Johns Hopkins University. 


Boston Section Is Honored by 
Presence of President Hanley 


The January meeting of the Boston Section 
was held on the 23rd at M.I.T. After the usual 
dinner, Chairman G. K. Saurwein opened the 
meeting by calling upon Arthur L. Williston, 
first chairman of the Section, to present a 
Fifty-Year Badge of the A.S.M.E. by proxy to 
Charles Davis, of Bass River on Cape Cod. 
Ralph Curtis, second secretary of the Section 
and himself a fifty-year member, accepted the 
badge in behalf of Mr. Davis. Mr. Saurwein 
then introduced Colonel James L. Walsh, 
chairman of the A.S.M.E. Committee on 
National Defense, who outlined the activities 
of the Society in the program and called the 
engineer the key man in the production of 
munitions of war and increased facilities for 
their production. The chairman of the Sec- 
tion then introduced the honored guest of the 
evening, William A. Hanley, President of the 
A.S.M.E., who spoke on ‘‘Why National 
Defense—An Engineer's Viewpoint."’ He 
stated that the maintenance of our civilization 
rested upon the solution by engineers of in- 
dustrial problems immediately facing the 
country and the world. An interesting and 
lively discussion period followed the presi- 
dent's remarks 


Bridgeport Section Meeting 
Features Photoelasticity 


Two hundred members and guests of Bridge- 
port Section met on Jan. 2 in the Public Library 
Auditorium to hear a paper on ‘‘Photo- 
elasticity’’ given by Prof. William M. Murray, 
M.I.T. His discourse, amply illustrated with 
lantern slides, proved very interesting and 
educational to the audience, many of whom 
were prominent engineers. 


Manual Versus Mechanical 
Aids at Central Indiana 


The Jan. 17 meeting of Central Indiana Sec- 
tion was devoted to the topic of ‘‘Manual and 
Mechanical Manufacturing Operations,’’ as 
presented by Fred L. Pyle and R. B. Holmes. 
After the showing of a motion picture depict- 
ing the manual and mechanical processes in the 
pattern shop, foundry and machine shop, 
Mr. Pyle discussed the film, and Mr. Holmes 
placed on view the drawings of a coal drier and 
explained its construction and operation. 


Central Pennsylvania Discusses 
Tacoma Bridge Failure 
Before 330 


One of the greatest crowds to ever attend a 
Central Pennsylvania Section meeting, 330 
members and guests, was present on Jan. 20 
at The Pennsylvania State College to hear a 
paper on the failure of the Tacoma Bridge to 
have been given by Prof. F. B. Farquarson, who 
was unable to appear. However, a motion 
picture was shown of the bridge and its failure 
while running comments were given by Pro- 
fessor Mavis. Professor Bernhard then demon- 
strated by means of simple models just how the 
failure occurred. 


Cleveland Section Has Program 
on Hundred Horsepower 
Hands 


‘‘Hundred Horsepower Hands’ was the title 
of the subject presented on Jan. 16 before the 
Cleveland Section by Maxwell C. Maxwell. 
His lecture before the 100 members and guests, 
illustrated with silent and sound movies, 
covered the history and development of ma- 
terials-handling equipment, such as trucks, 
hoists, conveyers, etc. 


Photoelasticity Session Held 
by Colorado Section 


Dr. J. H. A. Brahtz, director of the photo- 
elasticity laboratory, Bureau of Reclamation, 
was the guest speaker on Jan. 17 before the 
Colorado Section. He briefly reviewed the 
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early history and developments of the various 
photoelastic methods. Arrangements of ap- 
paratus and results were illustrated by means 
of slides. Membrane analogy and the inter- 
ferometer methods were also explained and 
illustrated. A lengthy discussion was enjoyed 


by all. 


Annual Ladies’ Night Held 
Jan. 7 by Detroit Section 


D. Grant Mickel, Detroit trathc engineer, 
addressed the Jan. 7 Detroit Section annual 
ladies’ night on “Detroit's Traffic Problem.’ 
Stressing the extreme financial losses due t 
traffic accidents, Mr. Mickel described th« 
many studies being made and the program now 
in effect to increase traffic safety and movement 
facility. A model illustrated a new device for 
the selective operation of traffic lights in 
tended to give preference to the highway with 
heavier vehicle density. L. J. Schrenk, super 
intendent of the Public Lighting Commission, 
discussed the fine results obtained in accident 
reduction through the use of improved high 
way lighting and better maintenance of trafhi 
signals. 


More Than roo Present at the 
Jan. 16 Meeting of Los Angeles 


The dinner meeting of the Los Angeles Sec 
tion on Jan. 16 was attended by 100 members 
and guests. H.R. Eggleston, chairman of the 
Local Sections Committee of the Society, re- 
ported on the Annual Meeting of the A.S.M.E 
held in New York. Prof. R. L. Daugherty, 
California Institute of Technology, and 
regional adviser for engineering and defense 
training, spoke on the need of more and better 
trained technical men in the national-defense 
program. The speaker of the evening, Prof 
Thurston H. Ross, director of business re- 
search, University of Southern California, 
spoke on the engineer’s place in management, 
criticizing the present trends in management in 
which the engineer does not have a voice com- 
mensurate with his responsibilities and duties 
in the general productive scheme. 





PAST-PRESIDENT JAMES H. HERRON PRESENTS 
50-YEAR SERVICE PIN TO A. H. BATES AT 
CLEVELAND SECTION MEETING, JAN. 16 
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Resinous Wood Products 
Discussed at Louisville 


On Jan. 23, the Louisville Section held a 
meeting at the Speed Scientific School. Thirty- 
five members and guests were present. T. W. 
Rucker, Mengel Co., gave a talk on the produc- 
tion and uses of resinous wood products. 
Everyone enjoyed the paper and the way it was 
presented by the speaker 


Minnesota Section Learns 
of Romance of Numbers 


The Minnesota Section held a dinner meeting 
on Jan. 27. Dr. Lorenz G. Straub, chairman 
of the Section, introduced Prof. H. C. T. 
Eggers, who gave an illustrated talk on ‘‘The 
Romance of Numbers."’ His talk covered the 
history of numbers, pointing out the high 
lights of the different numerical systems from 
prehistoric times to the present. Ancient 
peoples encountered many difficulties in the use 
of numbers until the basis of the modern 
lecimal system was established by an unknown 
Hindu who discovered the use of zero some 
time in the third century A.D 


New Haven Holds Joint 
Meeting With S.A.M. 


New Haven Section held a joint meeting 
vith the Connecticut Chapter of the Society 
for the Advancement of Management on Jan. 
16 at Yale University. Alonzo G. Grace, com- 
missioner of the Connecticut Department of 
Education, led a panel discussion on **Youth, 
the Schools, and Industry."" Members of the 
panel included educators, industrialists, and a 
recent graduate of an apprentice-training 
program 


New Engineering Materials 
Introduced at Philadelphia 


At the Jan. 28 meeting of the Philadelphia 
Section, attended by 175 members and guests, 
C. F. Kidder covered synthetic materials with 
onsiderable emphasis on Lucite and Neoprene 
Thomas D. Perry spoke on plywood and its 
many uses, particularly its application to air- 
craft. 


Providence Section Has 75 
Present on Movie Night 


Seventy-five members and guests of Provi- 
lence Section were present on Jan. 7 for the 
showing of the sound motion picture, “‘Sinews 
of Steel,’ which covered the making of wire 
rope from the iron ore to the finished product. 


San Francisco Hears Talk on 
War by General Barrows 


Maj-Gen. David P. Barrows, U. S. Army 
retired), former president of the University of 
California, and professor of political science, 
vas the guest speaker of the San Francisco 
Section and other groups of the S. F. Engi- 
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neering Council at the joint meeting of Jan. 
24. More than 200 engineers listened in rapt 
attention to General Barrows as he stated that 
the place of the engineer in war is in the de- 
sign and construction of the armament and 
equipment for war, while the place of the 
officer in the army and navy is in a position 
which will help to maintain the morale of the 
troops. Based on personal experiences in 
Europe. and Africa, he predicted that Great 
Britain would emerge victorious and the 
German people would eventually throw off the 
shackles of Nazism 


President Hanley Guest 
of Syracuse Section 


President William A. Hanley of the A.S. 
M.E. was the guest and chief speaker at the 
dinner meeting of the Syracuse Section on Jan. 
28. The first speaker was Carleton Brown, 
general manager of L. C. Smith and Corona 
Typewriter Co., who welcomed the guest of 
honor on behalf of the Syracuse Manufac- 
turers’ Association. Harte Cooke then out- 
lined briefly the history of the A.S.M.E. Then 
Willis H. Carrier, father of the air-condition- 
ing industry, introduced President Hanley who 
read an advance release concerning the plan to 
advance the graduation of the class of 1942 in 
engineering schools to February from June by 
means of a summer session in 1941. He then 
talked on ‘‘Why National Defense?’’ 


Testing-Machine Session of 
Toledo Section Draws 220 


The Jan. 9 meeting of Toledo Section at- 
tracted 40 members and 180 visitors. C. H. 
Gibbons, Baldwin-Southwark Co., discussed 
the history and development of testing equip- 
ment, principally the tension-compression 
type, and noted the trends in the various coun- 
tries during the last century. Load-extension 
recording devices and strain-indicating instru- 
ments were also described. The evening was 
concluded with a motion picture on the manu- 
facture of spark plugs 


Washington, D. C., Section 
Presents Free Lectures 


Starting on Jan. 16, the Washington, D. C., 
Section of the A.S.M.E. is presenting a series of 
eight lectures on ““The Engineering of Applied 
Mechanics."" Members of the Society are ad- 
micted free while nonmembers pay an enroll- 
ment fee of one dollar. All the lectures are 
expected to dovetail together to yield a com- 
prehensive picture of the whole field of dy- 
namics. As stated in the announcement of the 
lectures, each speaker is an authority in his 
field and will present his particular subject so 
that the average engineer can understand it. 
Each speaker's primary objective will be to 
convey information to a group of mechanical 
engineers; not to exchange ideas with the few 
who are already expert in the same field. The 
program of lectures follows: 


Jan. 16 ‘Modern Methods of Determining 
Dynamic Stresses in Structural 


Members,”"’ by A. V. de Forest, 
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Massachusetts Institute of Tech 

nology 

“Critical Instability of Struc 

tures,’’ by L. B. Tuckerman, U.S 

Bureau of Standards 

Feb.6  “‘A General Outline of the Field of 
Dynamics With Broad Applica- 
tions to Engineering,’’ by Rupen 
Eksergian, Budd Manufacturing 
Co. 

“Specific Applications of Applied 
Mechanics to Problems in Avia 
tion,’ by E. J. Ryder, Civil 
Aeronautics Authority 

Mar.6 ‘‘Applied Photoelasticity,"’ by M 
Hetényi, Westinghouse Research 
Laboratory 

“Early History of Some Mechanical 
Principles,"’ by Paul R. Heyl, 
U. S. Bureau of Standards 

Apr. 3 “‘Roller Bearings and Their Applica 
tion to Military Equipment,”’ by 
T. V. Buckwalter, Timken Roller 
Bearing Co. 

‘Application of Plastics in Airplane 
Design and Construction,’’ by 
Lawrence Ottinger, U. S. Plywood 
Corporation 


Jan. 30 


Feb. 20 


Mar. 20 


-~ 


Apr. 17 


Waterbury Section Holds 
Interesting Meeting 


At the Jan. 15 meeting of Waterbury Section, 
Richard A. North, Farrel-Birmingham Co., 
in a paper on ‘Yankee Ingenuity Versus 
Modern Engineering,’’ gave a history of 
American industry, tracing the industrial 
““firsts’’ from the discovery of glass and iron in 
colonial times up to the development of our 
present thorough engineering design and pro- 
duction methods. He was followed by 
Colonel James L. Walsh, chairman of the A.S. 
M.E. Committee on National Defense, who 
very ably and forcefully presented his concep- 
tions of the present European conflict, its 
effect upon us, and the part which American 
engineers take in the National-Defense Pro 
gram. 


Edison Medal Awarded to 
George Ashley Campbell 


HE Edison Medal for 1940 has been 

awarded by the American Institute of 
Electrical Engineers to Dr. George Ashley 
Campbell, ‘‘in recognition of his distinction as 
scientist and inventor and for his outstanding 
original contributions to the theory and appli- 
cation of electric circuits and apparatus."’ 

The Edison Medal was founded by associ 
ates and friends of Thomas A. Edison, and is 
awarded annually for ‘‘meritorious achieve- 
ment in electrical science, electrical engineer- 
ing, or the electrical arts’’ by a committee con- 
sisting of twenty-four members of the Ameri- 
can Institute of Electrical Engineers. 

The medal was presented to Dr. Campbell 
during the Winter Convention of the American 
Institute of Electrical Engineers held at the 
Bellevue-Stratford Hotel, Philadelphia, Pa., 
Jan. 27-31, 1941. 




















Junior Group Activities 





Junior Group of Detroit 
Conducts Round-Table 
Discussion in December 


ITH Dean Freund, University of 

Detroit, Professor Olmstead, secretary 
of Michigan Department of Registrations, and 
C.R. Alden, chief research engineer, Ex-Cell-O 
Corp., present at the meeting of Dec. 11, the 
Detroit Junior Group conducted a round-table 
discussion. Mr. Johnson proposed that engi- 
neering registration be in some way incor- 
porated through the E.C.P.D., so that this 
matter of registration might be of some value 
to employers in selecting engineers. The 
guests and Juniors joined in the lively argu- 
ment which attended this suggestion. 

On Jan. 14, the guest speaker was Dr. E. J. 
Abbott, Physicists Research Corp., who spoke 
on “‘Noise Abatement in Industry.’" He dis- 
cussed accuracy of the ear in remembering 
sound intensity and by means of his apparatus, 
talk, and slides, crystallized in the minds of 
those present a new and clearer under- 
standing of the phenomenon of sound. He 
demonstrated how this method could be util- 
ized in industry to reduce noise of machinery 
and other equipment 


Modern Precision Measure- 
ment Discussed Before 
Ontario Juniors 


HE Ontario Junior Group was addressed 
on Jan. 23 by W. C. G. Fraser, of the 


Ontario Research Foundation, on the subject, 
‘Modern Precision Measurement.’’ He in- 
cluded in his talk a description of the various 
types of gages and standards, indicating the use 
of master, reference, and work gages, and dis- 


ONTARIO JUNIORS INSPECTING APPARATUS AT ONTARIO RESEARCH FOUNDATION FOLLOWING 
MEETING ON JAN. 23 AT WHICH W. C. G. FRASER, WHO IS FACING CAMERA, TALKED 
ON ‘‘MODERN PRECISION MEASUREMENT 


Juniors. 





cussed methods of testing their accuracy. 
Following the talk given in Hart House, the 
§0 Juniors and their friends visited the labora- 
tories of the Ontario Research Foundation 
where they were afforded the opportunity of 
inspecting various precision measuring in- 
struments. 


Los Angeles Juniors Compete 
in Paper Contest for $25 Prize 
HE Los Angeles Section has established an 


annual Junior Prize Award of $25 for the 
best paper by a Junior presented at either a 


Junior Group or Section meeting during the 


year. In order to give every Junior an op- 
portunity to compete, the Los Angeles Junior 
Group has been sponsoring a series of meetings 
at which papers are presented by half a dozen 
At the Feb. 3 session, 10-minute 
papers were presented by John Black, Robert 
Aaron, Joseph Spievak, J. Morris, D. Wiesley, 
and Ray Goodall. 


Explosives and Aircraft Are 
Subjects of Philadelphia 
Junior Group Meetings 


HE Philadelphia Junior Group continued 
its very active program when on Dec. 11 
it heard Maynard M. Stevens of the Penn- 
sylvania State Extension School give a demon- 
strated talk on ““‘The Theory of Explosive 
Mixtures."" Dr. Stevens has done much re- 


search work with explosive mixtures and is 
an authority in this field. He told about his 
findings on this subject and demonstrated ex- 
plosions with various substances, some of 
which are not usually considered dangerous 

E. B. Wilford, president of the Pennsylvania 
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Aircraft Syndicate, Ltd., spoke to the group at 
its meeting on Jan. 8. Mr. Wilford is co 
inventor of the Wilford-Latta bomb-protection 
device and showed motion pictures of the 
tests on this new development. His main sub 
ject for the evening was, ““The Future of Air 
craft Design.’ He has been doing a great deal 
of development work on such types of air 
planes as the gyroplane and the convertaplane 
and showed motion pictures of tests and 
flights of these planes. The speaker also out 
lined the advantages of **Beralite’’ on which 
he has been working with others. This alloy 
is a beryllium aluminum with a lower specific 
gravity than aluminum, strong as steel, and 
comparatively noncorrosive. 


Metropolitan Junior Group 
Session on Engineering 
Errors 


HE Metropolitan Junior Group held its 

regular monthly meeting in the Engineer- 
ing Societies’ Building on Jan. 28. The first 
portion of the meeting was devoted to the sub 
ject, ‘Engineering Errors and Their Control 
A Symposium."’ 

E. B. Hyde, Jr., connected with the 
mechanical-engineering department of the 
Consolidated Edison Company of New York, 
Inc., discussed the problem of errors in design 
and manufacture, citing actual examples with 
their corrections. 

Dr. Walter A. Shewhart, associated with the 
Bell Telephone Laboratories, presented a short 
talk on the theoretical treatment of errors and 
the application of statistical control in mass 
production. Dr. Shewhart’s talk was illus- 
trated with slides. 

Following an open discussion the motion 
picture, ‘“The Failure of the Tacoma Suspen- 
sion Bridge,.’’ was presented. A. E. Blirer, 
Stevens Institute of Technology, explained the 
size and construction of the bridge. The film 
was followed by a discussion led by Thomas 
C. Rathbone, Fidelity and Casualty Company 
of New York, who demonstrated a model 
showing the effect of wind on flexible struc- 
tures. Mr. Rathbone also explained possible 
modes of vibration of the Tacoma Bridge and 
made several suggestions regarding methods 
of correction. 


Chemists Sponsor Smoke- 
less-Fuels Symposium 


HE Gas and Fuel Division of the American 

Chemical Society is sponsoring a sympo 
sium on smokeless fuels and air-pollution 
abatement at its meeting in connection with 
the spring general meeting of the chemists 11 
St. Louis, Mo., April 7 to 11. 

The Division has received tentative promises 
of papers from a number of authorities on th« 
subject of municipal smoke-abatement pro- 
grams, low-temperature coal carbonization, 
smokeless solid fuels other than low-tempera 
ture coke, and on the position of gas in a pro 
gram of smoke abatement. 
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With the Student Branches 





St. Patrick, Patron Saint of Engineering, to Be 
Honored on March 17 


Scores of Engineering Students to Make Merry at Parades, 
Exhibits, Dances, Smokers, and Gay Parties 


A GREEN-letter day on the calendar of 
every mechanical-engineering student is 
March 17, because it honors the achievements 
of St. Patrick, the first far-famed mechanical 
engineer. History names him thus for his dis- 
covery of the Blarney stone whose use is in- 
dispensable in business and romantic affairs, as 
well as for his sponsoring of the first **worm 
lrive."’ Sixty-one years ago The American 
Society of Mechanical Engineers honored him 
by adopting his insignia—the four-leaf clover 

as a badge of membership and many a famous 
engineer has attributed his success to this lucky 
little talisman. 


History of Celebration 


[he origin of the celebration of St. Patrick's 
Day by mechanical-engineering students, as 
traced by Prof. Walter Rautenstrauch of 
Columbia University and Prof. F. G. Hechler, 
of The Pennsylvania State College, dates back 
to the afternoon of March 16, 1902, and the 
graduating class of the Univeristy of Missouri, 
including besides Professor Rautenstrauch, 
George Morehead, vice-president, Link-Belt 
Co., John Brundage, Electric Bond and Share 
Co., Guy A. Robertson, chief engineer, 
Atlantic Coal & Ice Co., and Prof. Earl B. 
Smith, College of the City of New York. 

Spring comes early in Missouri and by mid- 
March the grass is a sweep of lush green and 
the days long and lazy. In 1902, there was no 
break in the college calendar from Christmas 
to June, and Walter (the student) sweltering 
over a drafting board one warm afternoon, 
suggested the tedium be lessened by honoring 
St. Patrick on the morrow and broadcasting 
his engineering achievements to the world 
In Professor Rautenstrauch’s own words, 
‘classes were cut the next day and various sorts 
of devilment were engaged in an unorganized 
fashion. We had girl friends and they were 
persuaded to cut class, perhaps I should say in- 
vited, and an inspection of green woods, the 
color appropriate to the occasion, was made.”’ 

The occasion was a walkout for the day, 
except in a few cases where the faculty, in- 
luding Prof. Arthur M. Greene, now dean 
emeritus of engineering at Princeton Univer- 
sity, took too decided a stand against the pro- 
cedure. Two years later, in 1904, the first 
posters announcing a holiday on March 17 
uppeared at the University in Columbia and at 
the School of Mines at Rolla. But not until 
1905 was the celebration of St. Patrick, patron 
saint of mechanical engineers, well organized 
with parades, open house, bands, dinners, etc., 
as well as the ceremony of knighting senior en- 
gineers by one of their members acting the part 
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of St. Patrick. Before Dean Greene left Mis- 
souri in 1906, he was a convert to the idea, 
and appreciated the celebration for its con- 
solidating of the entire student body in the 
school of engineering. So wholeheartedly did 
he lend his support, that he was made an 
honorary knight. From Missouri the custom 
traveled to neighboring colleges. 


Minnesota in 1903 


One bright morning, March 17, students on 
the campus of Minnesota University tripped 
over a huge stone bearing the inscription 
“Erin go brath,’’ which means, in our 
language, “‘St. Patrick was a Mechanical Engi- 
neer."" Some seniors concluded this was a 
message from the jolly saint himself and, with 
due reverence, dedicated the day to St. Patrick, 
as the patron saint of mechanical engineers. 

1910 marked the turning point for St. 
Patrick’s Day activities at Minnesota. Until 
then, the only means of celebration was the 
annual All-Engineering dance. The plan of 
activities since then, devised under the sponsor- 
ship of Prof. Geo. C. Preester, includes a 
parade, open house, brawl, and dance. In 
1938, the celebration was moved to May for 
chances of better weather. 


At Oklahoma 


Since many schools are interested in celebrat- 
ing St. Patrick's Day, the following program 
from the University is herewith reproduced: 


Branch 


British Columbia Carries On 


HE secretary of British Coxumaia 
Brancu, G. S. Wade, in reporting the 
Jan. 18 meeting, said, “The speaker was W. J. 
Nichols, who gave an excellent address on 
‘Plant Management.’ There was no business.”’ 
Even though their country is at war and many 
members have already answered the call to the 
colors, Canadian student members are carry- 
ing on in the best traditions of the profession. 
BuckNeLt Brancu at its meeting of Jan. 17 
had P. J. Reeves, Timken Roller Bearing Com- 
pany, give a talk on the latest developments in 
tapered roller bearings. The paper was illus- 
trated with slides and motion pictures. 
CaxirorniA Brancu started off its meeting 
of Dec. 5 with singing school songs and eating 
a delicious chicken dinner. Following this, 
Prof. L. M. K. Boelter acquainted the members 
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March 9: Election of St. Patrick and Queen. 
St. Patrick is selected from five candidates by 
secret ballot. Only members of the Engineers’ 
Club, composed of students from all branches, 
are allowed to vote. The queen is elected in 
similar fashion. Names of winners are an- 
nounced on March 17 amid the splendor of the 
annual Engineers’ Ball. 

March 16: Engineers’ stage show. A local 
talent show, held at a near-by theater, defrays 
the expenses of the celebration. 

March 17: Engineers’ Ball, coronation, 
fireworks. Halfway through the dance, the 
hall is hushed and the identity of St. Patrick 
revealed. He then crowns the queen. Follow- 
ing the ball, the ‘Loyal Knights of Old 
Trusty’’ fire “‘Old Trusty,”’ an ancient cannon, 
in honor of St. Patrick’s Day, following the 
fireworks display. 

March 18: Open House and Banquet. The 
entire college of engineering jointly presents 
Open House, beginning with the engineers 
parade across the campus, continuing with St 
Patrick and the queen officially starting Open 
House at 10 a.m. From then until 10 p.m. the 
public views numerous exhibits prepared by 
the students and Southwest companies show- 
ing the latest developments in engineering 
equipment. In 1940 more than 10,000 attended 
Open House. 

In the evening, all students, faculty, and 
Practicing engineers from the Southwest at- 
tend the Engineers’ Banquet to bid St. Patrick 
farewell. The queen concludes the memorable 
evening by dubbing those lucky ones Knights 
of St. Patrick. 


The Whole Nation 

In addition to those already mentioned the 
following honor St. Patrick as well: Uni- 
versity of Alabama, University of Illinois, 
Rose Polytechnic Institute, Villanova Uni 
versity, New York University, and all the rest 
of the engineering schools in the New York 
metropolitan area. It is hoped by all engi- 
neers that the custom of doing homage to St. 
Patrick may spread so far that the President of 
the United States will declare a national 
holiday to honor St. Patrick, the first me 
chanical engineer. 


Meetin gs 


with the numerous problems that will con- 
front them upon seeking employment. 

Case Brancu devoted its meeting of Jan. 8 
to business. Among the things discussed were 
the joint meeting with the A.S.M.E. Cleveland 
Section, a dance, a speaking contest, the talk 
by Maxwell C. Maxwell at the next meeting, 
and plans for renewing the membership drive. 

C.C.N.Y. Branca held the last meeting of 
the semester on Jan. 9. New officers for the 
coming semester were elected. 


Crowded Colorado Meeting 


There was such a fine turnout for the Jan. 8 
meeting of CoLorapo Brancu, 46 members and 
guests, that the session was late in starting. 
After Chairman Rosenkrans had welcomed the 
guests, a motion picture on the manufacture of 
automobiles was shown. With 41 present on 
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A.S.M.E. STUDENT MEMBERS AT UNIVERSITY OF MISSOURI 


Jan. 22, R. F. Throne, Public Service Com- 
pany, talked on ‘‘Log Sheets and Their Im- 
portance.” 

Drexet Brancu had an audience of 89 mem- 
bers and guests at the Jan. 9 meeting. P. J. 
Reeves, Timken Roller Bearing Company, gave 
a talk on ‘The Design, Fabrication, and Ap- 
plication of Tapered Roller Bearings.’’ Slides 
were used to illustrate the paper. A motion 
picture, ‘The Slippage of Locomotive Driving 
Axles,"’ followed. 

GeorGce WasnincTton Branca held a joint 
meeting with the A.S.C.E. and A.LE.E. 
chapters. David Cushman Coyle, engineer and 
economist, gave a talk on ““The Economics of 
Capitalism."’ 

Iowa State Cottece Brancu met on Jan. 8 
and saw a motion picture depicting the story 
of the manufacture of wrought iron by the 
Byers process which involves the controlled 
addition of the necessary slag. 


Fifty at Johns Hopkins Meeting 

Fifty members and guests, the largest audi- 
ence for any meeting this school year, attended 
the Jan. 8 meeting of Jonns Hopkins Brancn. 
R. P. Kroon, manager of the research depart- 
ment in Philadelphia of the Westinghouse 
Electric & Manufacturing Co., gave a very in- 
teresting talk, illustrated with lantern slides, 
on turbine-design problems, including thrust, 
thermal expansion, and vibration. 

Kansas BraNcu in conjunction with the 
other engineering groups on the campus held a 
joint banquet on Jan. 12. Three hundred peo- 
ple were present. The principal speaker was 
W. O. Skousen, an F.B.I. agent, who gave a 
case history of a criminal and discussed the 
activities of the F.B.I. in tracing down crimi- 
nals. Entertainment included a student negro 
quartet, an engineers’ dance band, and group 
singing. 

Kentucky Brancu at the meeting of Jan. 10 
presented as guest speaker Dr. J. D. Reichard, 
head of the U. S. Public Health Service Hos- 
pital located in Lexington, Ky. His paper was 
‘The Nature and Treatment of Drug Ad- 
diction."" On Jan. 17, Dr. Eduardo Hernandez 
described the life and ways of his country, 


Cuba 


Student Speakers at Louisville 


On Jan. 9, Loursvitte Brancu presented 


papers by Robert Burns, Richard Eckles, and 
Dillon Mapother. Following the talks there 
was a short discussion on the proposed trip to 
Atlanta, Ga. 

Marquette Brancu at the meeting of Jan. 
16 had as speaker, R. Ruebner, Delta Oil Co. 
He discussed **Greases, Their Manufacture and 
Application.” 

Micuican Branca had an audience of 55 at 
the meeting of Jan. 22. Maxwell C. Maxwell, 
Yale & Towne Mfg. Co., was the guest speaker. 
His paper's title was ‘‘ Materials Handling."’ 

Minnesota Brancu welcomed the new head 
of the mechanical-engineering department, 
Prof. Frank B. Rowley, at the Jan. 23 meeting. 
He gave a short talk on departmental plans and 
new building appropriations. 


Flu Epidemic at Missouri 


Due to a flu epidemic on the campus, Mis- 
sour! BrRaNcH was requested by the University 
authorities to call off all meetings for several 
weeks. Already the student members are look- 
ing forward to the time when meetings can be 
resumed. 

Montana State Branca received a gift of a 
gavel from the guest speaker at the Jan. 9 meet- 
ing. The speaker, Earl Sutherland, who is a 
graduate of the school, spoke on “Aircraft Car- 
riers for the Navy,’’ based on his work. At the 
meeting of Jan. 23, Ed Conrad presented some 
timely information on the development of 
radial airplane engines. He was followed by 
Hal Simmons who demonstrated his ‘‘snow- 
mobile,’’ a contraption he built out of spare 
parts for the agricultural-engineering depart- 
ment for use in the mountains for snow sur- 
veys. 

Nesraska Brancu had the first student paper 
of the school year presented at the meeting of 
Jan. 8 by Jack Wagner. He talked on ‘‘Air- 
Force Expansion for National Defense’’ in 
which he told of the needs and plans for an en- 
larged American air fleet. 

Nevapa Brancu reports the best turnout for 
the Dec. 12 meeting at which Mr. Titus and 
Mr. Kelly presented a joint paper on lubrica- 
c1i0n. 


Newark Meeting Draws 150 


More than 150 members and guests of New- 
aRK CoLLeGe BRANCH were present on Jan. 9 
and heard a paper on “‘Superfinish’’ given by 
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Wilbur J. Peets, chief engineer, Singer Manu 
facturing Co. Following his talk, a motion 
picture on the use of superfinishing at the 
Chrysler Corporation was shown. 

New Mexico State Brancu members on Jan 
17 voted to have the Branch affiliated with the 
Rocky Mountain Group, which means that the 
members will attend the Group Conference at 
Golden, Colo. 

N.Y.U. Brancu (mechanical) held a speak 
ing contest on Dec. 16 at which the first prize 
of $4 was awarded to Winifred Ruder, second 
prize of $3 to George Cohen, third prize of $2 
to George Bartle, and fourth prize of $2 to 
Erwin Loewen. Judges for the contest wer 
Prof. C. E. Gus and Prof. H. Labberton, who 
contributed the fourth prize for the contest. 

N.Y.U. Brancu (evening) received reports 
from various committee chairmen at the Jan 
15 session. It was announced that inspection 
trips would be made in the near future. Many 
members signified their intention of attending 
the annual spring dance of the evening session 

Norts Caroxina State BrancH members 
numbering 50 met on Jan. 14 to discuss the pro 
gram for the rest of the school year. Plans arc 
being made for the Engineers’ Fair in April and 
the senior inspection trip the first week in 
May. 


Defense Courses at North Dakota 


Since the spare time of most members is now 
being devoted to attending national-defense 
classes, the day and time of the meetings of the 
Norta Dakota State Brancu have had to be 
changed. The members at the Jan. 16 meeting 
also decided not to have the Branch picture in 
the school annual. 

NorTHWESTERN Brancn has had to take 
cognizance of the fact that with the engineer 
ing school becoming the Northwestern Tech- 
nological Institute, the school period is being 
changed from the semester to the quarter year 
for upper classmen in order to permit them to 
spend their period in industry. Because of 
this, ic was voted at the Jan. 17 meeting to 
have election of officers each quarter instead of 
each semester. 

Onto Strate Brancu held a meeting on Jan 
24 attended by 106 members. After regular 
routine business, the guest speaker, M. M. 
Boring, General Electric Co., gave a talk on 
the organization and activities of his company 
as well as its personnel problems. 

OxcanomMA Brancu featured a paper on 
‘‘How Engineering Ideas Are Developed,"’ at 
its Jan. 9 meeting. It was given by W. G. 
Green, president of Engineering Laboratories, 
Inc., Tulsa, Okla. He explained the ‘‘gamma 
ray’’ method of logging oil wells and its de 
velopment. 


Oregon State Holds Breakfast 


Members of Orgecon Strate Brancu held 
their annual winter breakfast on Jan. 19 at the 
Corvallis Hotel. The guest speaker was 
alumnus Thomas E. Taylor, who has been 
active in the air-conditioning field in the 
Northwest. Of particular interest to the audi- 
ence was his discussion of the problems en- 
countered in installing air conditioning in the 
Memorial Union ballroom. 

PENNSYLVANIA STATE BRANCH gave its mem- 
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¢@ PRINCIPLE 


EXTENDS FIELD OF 
Power Drive Design 


OW CHAIN SPEEDS are zooming up to 6000 feet 

a minute—and higher! That's more than 
twice the limit that old time engineering theory 
allowed, and it makes possible many drives form- 
erly beyond good practice. 


With these higher chain speeds come greatly in- 
creased power transmitting capacity, more efh- 
cient operation, and lower drive cost! 


This revolutionary power drive development was 
originated by Morse engineers, when they decided 
to test the long-accepted speed limits. 


Larger sprockets were used, with more teeth. 
Smaller pitch and narrower chain was substituted. 
The motor r.p.m., however, was not changed. And 
tests showed that centrifugal force—formerly sup- 
posed to limit chain speeds—did not hinder but 
actually was beneficial and helpful to Morse silent 
chain’s operation. 


It was found that centrifugal force reacting against 
the sprocket teeth of a Morse drive reduces shock 
loading, stabilizes joint action and permits much 


higher working loads. Power flows with almost 
unbelievable smoothness and silence. And best of 
all, power transmitting capacity of the drives in- 
creases faster than the speed of the chain increases! 


Since the original laboratory work was done, 
Morse High Speed silent chain drives have made 
possible many drives formerly not thought prac- 
tical and have greatly extended the field for the 
use of chain drives. 


Put Morse High Speed silent chain drives to work 
for you. Let the Morse engineers help you to design 
your drives, whether they are in the field where 
chain drives have long been accepted as the out- 
standing and satisfactory means of driving or 
whether they are in this new range of modern 
practice. 


SILENT CHAINS ROLLER CHAINS FLEXIBLE COUPLINGS CLUTCHES 
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bers a plastics session on Jan. 7. A.R. Rector, 
Bakelite Corporation, showed motion pic- 
tures of the plastics industry as well as various 
articles made of plastic materials. 

Pratt Instirute members learned the short 
cuts in using a slide rule from a paper given at 
the Jan. 13 meeting by Elmer Hertzler, a mem- 
ber of the faculty. 


R. I. State Has Johnson Rifle Paper 


Captain Melvin Johnson, inventor of the 
Johnson automatic rifle, gave a paper on his 
rifle before 40 members and 60 guests of 
Ruope Istanp State Branca on Jan. 15. His 
talk was illustrated with colored motion pic- 
tures showing the operation of his rifle and the 
simplicity in loading. 

Rice Brancu made an inspection trip on Jan 
8 to the mine of the United Salt Co. at Hockley, 
Texas. First the 25 members inspected the 
screening mill and the rock crushers and then 
were lowered 1000 ft below the surface of the 
earth into the mine 

Santa Crara Brancu on Jan. 16 heard a 
paper by Maynard Brown on the “‘Manufac- 
ture of Tin Cans,"’ in which he described the 
modern high-speed methods used today in the 
industry. 


Something New at South Dakota 


Don Walin, secretary of Sourn Dakota 
Strate Brancu, reports that A.S.M.E. emblems 
in the form of shoulder patches can be ordered 
from the college bookstore. The members 
cook a trip to Burma on Jan. 15 via Dennis 
Roosevelt's film taken in that country and 
shown in the college armory. 

SouTrHeRN Metuopist Brancu showed the 
motion picture “‘Alloy Steels’’ at the Jan. 7 
meeting. It was very interesting and is recom 
mended to other Branches. 

SranrorD Brancu met at the home of Pro- 
fessor Jacobsen on the evening of Jan. 28. Pre- 
ceding the election of officers, Ken Maguire 
gave a short review of the inspection trip made 
to the Western Pipe and Steel Co., and Bill 
Holmes presented a paper on plastics 

Texas A.&M. Branca put the conduct of its 
Jan. 9 meeting in the hands of the juniors 
After the ‘‘ice was broken"’ with the showing 
of a cartoon talking film, W. E. Frost talked on 
“The Manufacture and Use of Tetraethyl 
Lead"’ L. C. Ellis discussed *‘Hydramatic and 
Hydrodynamic Drives’’ and H. M. Rollins de- 
scribed the development of ‘‘Sealed-Beam 
Headlights."’ 

Texas Tecw Brancu acted as host at the 


l 
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meeting of the Engineering Society of Texas 
Tech held on Jan. 13. The program consisted 
of a discussion and a motion picture concerning 
the manufacture of wire rope. 


Grinding Wheels at Tufts 


Sound films were shown through the cour- 
tesy of the Norton Company on Jan. 16 before 
the Turrs Brancu. Illustrated were the proc- 
ess of manufacturing grinding wheels, method 
of inspecting and marking the wheels, and the 
many applications of the product in all types 
of industries. 

WasHINGTON State CoLiece Brancu pre- 
sented its retiring chairman, Howard Hunt, 
with a small gold gavel in appreciation of his 
excellent services during the last semester. 
After the installation of the new officers at the 
meeting of Jan. 23, the members joined with 
the A.S.C.E. in viewing a colored motion pic- 
ture entitled ““The Romance of the Water 
Supply of the City of Lewiston.” 

WasHINGTON BraNcu reports that its foot- 
ball team won the school championship for 
1940. Furthermore, the members intend to do 
their best to win the Charles T. Main Award 
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contest as well as the main prizes at the Group 
Conference this spring. 





A.S.M.E. Local Sections 


Coming Meetings 





Akron-Canton. March 20. Dinner at 6:45 
p-m., M. O’Niel’s Tea Room, Akron, Ohio 
At meeting later, subject: ‘Statistics as It 
Affects Mass Production,’’ by W. A. Shewhart, 
Bell Telephone Co. 

Anthracite-Lehigh Valley. March 28. Scran- 
ton Chamber of Commerce, Scranton, Pa., at 
8:00 p.m. Subject: ‘Plastics: Yesterday-To- 
day-Tomorrow,”’ by S. Leon Kaye, head, Ma 
terials & Research, Consolidated Molded Prod- 
ucts Co., Scranton, Pa. There will also be a 
showing of the recent film “The Magic of 
Modern Plastics,"’ released by the magazine 
Modern Plastics. 

Chicago. March 4. 36th floor classroom, 
Civic Opera Building, 7:30 p.m. Subject 
‘‘National Defense and the A.S.M.E.”’ 

Detroit. March 4. White Star Refinery, 
Trenton, 3:00 p.m., inspection of plant. Din- 
ner at Dearborn Inn at 6:30 p.m. Meeting, 
technical session, main ballroom, Dearborn 
Inn., 7:45 p.m. Subject: ‘‘Houdry Gasoline- 
Refining Process,’’ by C. R. Miller, consulting 
engineer, Socony-Vacuum Oil Co. 

East Tennessee. March 6. S. & W. Cafeteria 
at 6:30 p.m. Subject: ‘‘New Forces Mold En- 
gineering,”’ by R. L. Sackett, dean emeritus of 
Pennsylvania State College, and assistant to 
the Secretary A.S.M.E. 

New Haven. March 18. Mason Laboratory, 
Yale University, 8:00 p.m. Subject: *‘Modern 
Steam, Electric, and Diesel Locomotives and 
Their Welding Problems,’’ by James Parting- 
ton, manager, engineering department, Ameri 
can Locomotive Co. 














Men and Positions Available 


Send inquiries to New York Office of 
Engineering Societies Personnel Service, Inc. 


29 W. 39th St. 


New York, N. Y. Chicago, 





MEN AVAILABLE! 


Propucrion, Toot, or MetHops ENGINEER; 
Supervisor, tool designer, chief draftsman, 
shop foreman, toolmaker. Planning produc- 
tion, Operation sheets, rate setting, esti- 
mating. Standard costs, job-evaluation 
studies. Shop instructor. New Jersey, 
Long Island, Metropolitan area. Me-601. 

Mgcuanicat ENoinzsr, 48, with 27 years of 
engineering and executive experience in steel, 
process, and heavy industries, primarily on 
plant work; fully qualified to discharge engi- 
neering or executive duties. N. Y. license. 
Me-602. 

MecuanicaL DgveLopMENT ENGINEER, 33, 
married. M.E. degree, presently employed re- 





1 All men listed hold some form of A.S.M.E. 
membership. 


211 West Wacker Drive 


57 Post Street 


: Hotel Statler 
San Francisco, Calif. 


Detroit, Mich. 


sponsible position. Many creative contribu 
tions include nationally marketed products 
and patents; possesses compatible aptitudes, 
engineering practicability, and aesthetic de- 
sign, tactfully forceful, cooperative. Me-603 

GrapuaTE Enainerr, M.I.T., 37, registered 
professional engineer, having 16 years of tech 
nical experience in modern central-station op 
eration. Desires responsible position in opet 
ating Of power-equipment manufacturing 
field. Now employed. Me-604. 

MecuanicaL ENGINEER with 20 years’ ex 
perience in design and charge of engineering 
department. Familiar with Diesel engines and 
marine steam engines for commercial and Navy 
work with sufficient shop experience to supet- 
vise work and testing of machinery. Me-605. 

Mareriats HANDLING ENGINEER AND PLAN1 


(A.S.M.E. News continued on page 254, 
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Welded Lever Cost 73c. 


Former Construction Cost $1.18 
No waiting for delivery. 


Delivery — — — — ? ? 


ALTER EGO: According to you we must wait ’till 
production slacks up before we can take on the 
economies of arc welding. 

Right! We simply can’t change over 

while we’re so busy. 

ALTER EGO: That’s not your rea/ belief... it’s 
just what you Jike to believe—your excuse. You 
know that welding is NOT an overnight grab— 
it’s a series of nibbling operations—a changeover 
of one simple part this week... another one 
next week. 

Just as we did with this foot treadle? 
ALTER EGO: Sure! We bent a piece of channel— 
shear-cut a piece of checkered floor plate—made 
two short welds—and presto!—we’ve saved 45 
cents on every single one—right during the big 
rush, with no time-out. 


ALTER EGO: Literally “‘ one’s other self’’—the still, small voice 
that questions, inspires and corrects our conscious action. 


And what a time-saver for our present 
jam. No waiting for parts. I believe 
we've found that much-sought RELIEF 
for pent-up production. 


LINCOLN SUGGESTS: It takes only a few hours 
to change over a simple lever, bracket, cover or 
other part. This gives you the arc welding “‘feel’’ 
so that a series of parts can be changed over, one 
at a time, without a single interruption in pro- 
duction. In due time the entire product is changed 
over—changed over to the strength, rigidity, 
light-weight, economy and pleasing appearance 
of welded construction. A good example, with 
full discussion of five possible welded designs, 
is given in Machine Design Sheet No. 72. Want 
a free copy? 


THE LINCOLN ELECTRIC COMPANY 


LI N C @) L N so \ELD “Ake. W E L DI N Cleveland, Ohio 


Authoritative Information on Design «+ Production « Welding Equipment 
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DesiGNer, professional license. Twenty-five 
year's experience in design and construction of 
materials-handling installations, industrial 
and chemical plants, and special plant equip- 
ment. Me-606. 

MEcHANICAL-INDUSTRIAL ENGINEER, 48, 
American, technically educated, broad diver- 
sified experience, excellent record of accom- 
plishments. In present position as chief engi- 
neer of large industrial organization, over nine 
years. Desires change. Me-607. 

Propuction Enoineer, B.S.M.E., 23, single, 
experienced in cost analysis, scheduling, and 
production work in large shipbuilding plant. 
Now employed. Would like connection with 
shipbuilding or airplane plant. Me-608. 

Crertiriep Pustic AccouNTANT, New York; 
industrial engineer; 33. Last ten years con- 
troller large manufacturing company. Ca- 
pable executive. Standard costs, budgets, fac- 
tory and office systems, time studies, taxes. 
Me-609. 

MecuanicaLt ENoinegr, 24, B.S. 1939, air 
conditioning and refrigeration major. Desires 
opportunity for experience leading to respon- 
sible position in mechanical-engineering field. 
Now employed. Available on two weeks’ 
notice. Me-610. 

E.E., M.E., married; 27 years’ design, con- 
struction powerhouses, substations, distribu- 
tion systems, industrial plants, executive engi- 
neering department large utility; purchasing 
engineering equipment foreign interest. Eng- 
lish, German, Russian, and oriental lan- 
guages. Me-611. 

MecuanicaL ENGIngER, 22, single, B.S. 
1940. Machine-shop experience. Interested 
in tool and die design or sales engineering. 
Willing to locate anywhere in United States. 
Me-612. 

Grapuate Enoinzer, 39, fifteen years’ of 
electromechanical machine design, industrial- 
plant layout, design, and supervision of con- 
struction of production equipment, heating, 
ventilating, refrigerating, air conditioning, 
electric power. Metropolitan New York pre- 
ferred. Me-613. 


POSITIONS AVAILABLE 


Propuction ENnoinggr, graduate, with ex- 
perience in production and assembly of small 
motors, electric clocks, or electrical apparatus 
and who is capable of taking over company’s 
present production from an engineering stand- 
point. Must be thoroughly acquainted with 
power presses, screw machines, gear-cutting 
machines, foot-press and power-press assembly 
work, and must have an understanding of the 
operation of electric motors, time-delay relays, 
timers, time switches, etc. Must also have 
thorough knowledge of manufacture of small 
instrument gears. Salary, $3600-$5000 a year. 
New England. Y-7285. 

Juntor Saves ENGingers, recent graduate 
mechanical, chemical, or electrical, for engi- 
neering-sales divisions of prominent industrial 
organization. Permanent positions with ex- 
cellent opportunities. Apply by letter giving 
full details of education, personal data, and 
experience, if any. East. Y-7289. 

InpustRIAL ENGinggR, 28-45, to head time- 
study department of plant manufacturing pre- 
cision instruments. Must be capable of work- 
ing up standard data on machine-shop opera- 


tions to eliminate individual job studies. 
Must have considerable experience on chart 
work. Salary, $45-$75 week. New England. 
Y-7317. 

InpustRIAL ENGINEERS with five years of re- 
sponsible work involving time study, methods, 
costs, and processing, preferably in metals 
trades. Position offers opportunity for future 
developments. South. Y-7331. 

RESEARCH AND DEVELOPMENT ENGINEER, t¢€x- 
tile, 30-35, with experience in textile-fabric 
construction, i.e., one who can combine the 
different fibers such as rayon, cotton, etc. 
$250-$300 a month. Middle West, Y-7333-D. 

DgsiGNER AND DevELOPMENT ENGINEER €x- 
perienced with textile weaving and winding 
machinery. Should have such experience with 
textile-machinery manufacturing company, 
possibly having sold such machinery, thus hav- 
ing knowledge of problems confronted. Sal- 
ary, $300 month. Middle West. Y-7334-D. 

Macuing DgsiGNeR AND DrarFrsMAN with 
all-round machine-design experience and, par- 
ticularly, in the design of all kinds of wool 
machinery. Salary, $250-$300 a month. 
Middle West. Y-7335-D. 

MEcHANICAL ENGINEERS, 28-35, graduates of 
leading technical schools in United States. 
Require men well qualified to consult with in- 
dustrial executives on modern production 
methods and plant improvements; must be at 
least 5 ft 10 in. and preferably taller, have good 
clean-cut appearance, and be capable of justi- 
fying a salary of from $5000 to $8000 annually 
New York, N. Y. Y-7347. 

GrapuaTe MECHANICAL OR CHEMICAL ENGI- 
NEER, 35-45, to head engineering department 
of large and progressive chemical firm; will 
have charge of maintenance of all plants and 
buildings even to power production. Man 
should have experience in use of production 
machinery; should have proved executive 
ability yet be cooperative and able to get 
along with men in other departments; should 
have research approach to problems of com- 
pany. Must have initiative, farsightedness, 
and ability to schedule operations. Salary 
open. Middle West. Y-7354-D. 

Toot DesiGNerR AND PropucTION ENGINEER 
who is capable of accepting this responsibility 
for large plant and who has had at least 5 to 
10 years’ experience on this work, preferably 
in automotive or engine field. Salary, $400- 
$500 a month. Pennsylvania. Y-7357. 

MECHANICAL OR INDUsTRIAL ENGINEER with 
some previous experience in conducting fore- 
men’s training courses. Must be particularly 
skilled in leading discussion. Should have 
some production or industrial background, 
preferably in machine-shop practice. Salary, 
$250-$300 a month. Pennsylvania. Y-7358. 

Wetpinc Enoinger with thorough back- 
ground and experience in design of welded ma- 
chine construction and actual shop-construc- 
tion problems on this specialized type of work. 
Up to $500 a month. Pennsylvania. Y-7360. 

SUPERINTENDENT OR Cuigr ENGINEER to take 
charge of operation of oil-gas plant. Previous 
experience in manufactured-gas plant neces- 
sary. Salary, $300-$350 a month. Central 
America. Y-736l. 

Time-Stupy ENoineggr, 30-40, with 3 to § 
years’ experience on wage-incentive installa- 
tion; 2 years’ experience on machine-tool rate 
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setting; some experience on rate simplifica 
tion, job analysis, manufacturing methods, 
plant layout, and detailed job specifications 
Some experience in recommending machine 
tools helpful. New England. Y-7364. 

MEcHANICAL ENGINEER, 37-45, who has 
varied industrial experience and who has held 
position of responsibility directing the engi- 
neering of process industry. Will be required 
to take charge of design, maintenance, and 
some operation of large plant. Must be thor- 
oughly acquainted with power plants, chemi- 
cal-plant piping, and machinery. Salary- 
$6000-$7000 year. New Jersey. Y-7384. 

MECHANICAL SUPERINTENDENT, graduate cn- 
gineer, with necessary background to super- 
vise mechanical work of a 1000-man plant op- 
erating large foundry, sheet-metal, and wire- 
forming business. Would be responsible for 
operation of power-plant generating own 
power; maintenance of all types of power 
presses, wire-forming and automatic machines; 
heat, light, and power distribution; building 
maintenance supervision with all but minor 
repairs done by outside contractors. Oppor 
tunity. East. Y-7391. 

Prant Encineer, graduate of recognized 
engineering school, who has textile experi- 
ence; some knitting experience is also desir- 
able but not essential. Will be primarily re- 
sponsible for supervision of operation of power 
plant consisting of two boilers, steam engine, 
and couple of Diesels. Will also have to direct 
maintenance crew in installation, repair, and 
maintenance of plant and equipment. Require 
man who would grow into organization and be 
responsible for recommendations to improve 
methods and machinery and assist in the estab- 
lishment of standards and possibly of personne! 
department. $60 week. New England. Y-7405. 

Cmier InpustriaL ENcineer familiar with 
modern conveying systems for incoming and 
outgoing package goods. Should also be 
familiar with plant layout for efficient ma- 
chine operation. Salary, $7000-$8000 a year 
Y-7426-C. 

Senior INpustRIAL ENGINEER, 30-35, gradu- 
ate mechanical, from school of recognized 
standing. Should have 4 to § years’ experience 
in industrial-engineering field, preferably, in 
diversified industry. Will represent company 
in field. Salary, $300 month, for training 
period; $500 month later. Headquarters, New 
York, N. Y. Y-7445. 

Process ENGINEER, graduate mechanical 
with several years’ experience with small elec 
trical or machined parts for manufacturer of 
electric household appliances. Salary, $4000 
$6500 year. New York State. Y-7446. 

ENGINEER conversant with modern electric 
steel-foundry operation and equipment. Engi- 
neering background essential; must also have 
definite and successful operating experience 
either in charge of operations or as assistant 
New York State. Y-7452. 

Genera Factory ManaGer, graduate me- 
chanical engineer, thoroughly experienced in 
factory management and with practical know! 
edge of production and engineering; should be 
well grounded in processing, methods, produc- 
tion control and planning, purchasing, stores 
and material control, and budgetary control of 
factory operations. Must be free to trave! 


(A.S.M.E. News continued on page 256) 
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A Comprehensive Handbook on 
FELT SEALS for Lubricants 


e Published for industrial use 

e Compiled by engineers 
e Handy for reference 

e Excellent for specifications 
e Facts and details in one place 


e Free to all engineers 


THE FELTERS COMPANY, INC. 


210-P SOUTH STRE ET } Offices: New York, Philadelphia, Chicago, Detroi 


Sales Representat ives: Dallas,Los Angeles, Nashville, St. Louis, St. Paul 


BOSTON, MASSACH USETTS pone Mills: Johnson City, N. Y., Millbury, Mass., Jackson, Mich. 





FELTERS FUNCTIONS 
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Headquarters, New York, N. Y. Y-7490. 

Cost Accountant with diversified and prac- 
tical factory experience in cost findings, cost 
distribution, cost analysis, who has headed cost 
department. Should have practical knowledge 
of all phases of factory cost including job 
cost accounting, standard costs, and process 
costing; should also be experienced in budge- 
tary control and projections. Knowledge of 
general accounting practices and experience in 
analysis of operating expenses and in projecting 
profit and loss statements desirable. Should be 


familiar with office procedures. Free to travel. 
Headquarters, New York, N. Y. Y-7491. 
Process ENGiNgERS, mechanical, who have 
thorough working knowledge of all types of 
manufacturing operations and machinery, jigs, 
dies, and tools; who can measure machine 
speeds, determine machine capacities, and 
whose practical experience enables them to de- 
termine most efficacious and efficient way to 
handle production; should know steps to pur- 
sue and things to do in each of steps. Free to 
travel. Headquarters, New York City. Y-7492. 








Candidates for Membership and Transfer 
in the A.S.M.E. 





HE application of each of the candidates 

listed below is to be voted on after March 
25, 1941, provided no objection thereto is made 
before that date, and provided satisfactory 
replies have been received from the required 
number of references. Any member who has 
either comments or objections should write to 
the secretary of The American Society of 
Mechanical Engineers immediately. 


KEY TO ABBREVIATIONS 


Re = Re-election; Rt = Reinstatement; Re & 
T = Reinstatement and transfer to Member 


NEW APPLICATIONS 


For Member, Associate, or Junior 
Asernatny, Geo. T., Hilton Village, Va. 
Apams, Artuur S., Ithaca, N. Y. 

Auten, Harotp D., Glen Rock, N. J. 
Bartow, DeWrrt D., Jr., Plainfield, N. J. (Re) 
Beccuer, Warvace E., Jr. Philadelphia, Pa. 
Borpt, Frepx. J., Troy, N. Y. 

Bowers, Franx J., Youngstown, Ohio 
Bravo, Carros L., Mayaguez, P. R. 
Brit, J. B., Indianapolis, Ind. 

Brown, Cart F., Baltimore, Md. 

Brown, Matcotm N., Buffalo, N. Y. 
Bruns, R. S., Maywood, N. J. 

Burns, Tuos., Glen Rock, N. J. 

Caney, F. Wueexer, Arlington, N. J. 
Cernga, Rotanp E., Philadelphia, Pa. 
Corrrett, Rost. Born, Sr., Chicago, Ill. 
Cup, Herpert P., Nahant, Mass. 
Dar.inG, Puiwir E., Texas City, Texas 
Epwarps, Frank W., Diablo Heights, C. Z. 
Farxovicn, O. C., Atlanta, Ga. 

Frece., Artuur C., Fanwood, N. J. 
Garpner, G. MacLean, Carbondale, Pa. 
Garpner, K. C., Coreopolis Heights, Pa. 
Gentine, Howarp I., Chicago, Ill. 
Grosser, Witrrep R., Brooklyn, N. Y. 
Hamiti, Sami. M., Cincinnati, Ohio 
Harvey, James E., Rochester, N. Y. 
Heap.ey, Lewis M., Ames, Iowa 
Hemenway, Henry H., New York, N. Y. 
Inotp, Peter A., Bridgeport, Conn. 
Isnam, Homer L., Compton, Calif. 
Jantscu, Emit, Youngstown, Ohio 
Juran, J. M., New York, N. Y. 

Kung, G. M., Bethesda, Md. 

LatuaM, Ggo. R., 3rxp, Millville, N. J. 
LeTourngau, R. G., Toccoa, Ga. 

Lewis, Eart R., Jr., Hartford, Conn. 


LocxnarT, Harotp A., Chicago, IIl. 
Manarry, Reip A., Worcester, Mass. (Re) 
MansrieLcp, Wm. M., McGill, Nev. 
McGee, HuGu P., Reading, Mass. 

Miro, Rupo.px M., Tampa, Fla. 

Morvay, A. A., Chicago, Ill. 

Myxtestap, N. O., Chicago, IIl. 

Ope.t, Matcot J., Rockaway, N. J. 
Pace, Harotp D., New York, N. Y. 
Parks, Jos. A., Jr., Radburn, N. J. 

Prgry, Davin J., Ferguson, Mo. 

RANDALL, R. D., Berkeley, Calif. 
RicHArDson, Lawrence, Cambridge, Mass. 
Rienxs, Geo. W., Jr., San Francisco, Calif. 
Riptey, M. N., Long Island City, N. Y. 
Rosertson, Roy C., Atlanta, Ga. 

Roy, Nereus H., New York, N. Y. 

Roy, Rosert H., Ruxton, Md. (Re & T) 
Sacstetter, W. H., Denver, Colo. 
Sajxowsky, S. D., Batavia, N. Y. 
SANDLAND, CuirrrorD M., San Marino, Calif. 
Scuere, F. K., Gary, Ind. 

Scnrogper, W. C., College Park, Md. 
SitverMAN, Harry Tuos., Gary, Ind. 
Smoot, Cuas. H., Chicago, III. 

Starx, Abert C., Sharon Hill, Pa. 
Sticxie, Harotp E., Needham, Mass. 
Srricxier, H. K., Erie, Pa. (Re) 
Tuompson, Norman, Bryn Mawr, Pa. 
Tompkins, Howarp, New York, N. Y. 
Troserc, Geo. §., Manette, Wash. 
Turner, Tuos. T., Fort Worth, Texas (Re) 
Upacexar, V. R., Bombay, India 
Vernon, Homer M., Newport News, Va. 
Vertrees, Ropney A., Millbrae, Calif. 
Voce, Joun D., Birmingham 23, England 
Wetiman, S. K., Cleveland Heights, Ohio 
West, Henry I., Raleigh, N. C. (Re) 
Woopsury, GLEN P., Mountain Lakes, N. J. 
Zinx, Apevpert H., Manhattan, Kan. (Re) 


CHANGE OF GRADING 
Transfers to Fellow 


BrersauM, CuristopHer H., Buffalo, N. Y. 
von Puut, Wo., New York, N. Y. 


Transfers to Member 

Auxen, Huo M., Maricopa, Calif. 
Asux1nazy, S. B., Brooklyn, N. Y. 
BLacksuRN, ALFreD T., Cincinnati, Ohio 
Coox, Howarp L., Bethesda, Md. 
Daascu, Francis J., Houston, Texas 
DeHamer, Janus R., Kalamazoo, Mich. 
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East, F. G., Toronto, Ontario, Canada 

Hanson, Harotp F., Pittsburgh, Pa. 

Hirt, Avsert J., Central Boca Chica, Domini- 
can Republic 

Jens, A. H., Chicago, Ill. 

Kazutow, Aex., New York, N. Y. 

Kisner, Atsert G., Philadelphia, Pa. 

Leaner, JouN B., Mineola, N. Y. 

McLavucutiin, Epmunp F., Pleasantville, N. Y. 

Manney, Cuas. J., Kenmore, N. Y. 

Mutuican, Paut B., Saddle River, N. J. 

Mu turkin, Harwoop F., Jr., New York, N. Y. 

Norman, B. F., Jr., Freeport, Texas 

Pgrerson, Frank P., Jr., Corpus Christi, Texas 

RopensauGu, Dona tp I., Zanesville, Ohio 

Ruiz, Avsert L., Scotia, N. Y. 

Sixzs, J. M., Augusta, Ga. 

Sxarsek, Henry F. J., Union, N. J. 

Strouse, Bernarp H., Ventnor City, N. J. 

TEICHMANN, Frepx. K., New York, N. Y. 

Warre, Jonn R., Caracas, Venezuela 

Wison, Rusnen A., Milwaukee, Wis. 


Transfers from Student-member to Junior—12 





A.S.M.E. Transactions 
for February, 1941 





HE February, 1941, issue of the Transac- 
tions of the A.S.M.E. contains: 


Hydraulic Couplings for Internal-Combustion- 
Engine Applications, by N. L. Alison, R. G. 
Olson, and R. M. Nelden 

Effect of Variations in Atmospheric Conditions 
on Diesel-Engine Performance, by J. S. Doo- 
little 

The Significance of Diesel-Exhaust-Gas Analy- 
sis, by J. C. Holtz and M. A. Elliott 

Lateral Stiffness and Vibration in Engine 
Structures, by Russell Pyles 

The Combustion-Gas Turbine, by J. T. Ret- 
taliata 

Relative ‘“‘Engine Efficiencies’’ Realizable 
From Large Modern Steam-Turbine-Genera- 
tor Units, by G. B. Warren and P. H. Knowl- 
ton 

Experience With Metals at High Temperatures 
for Power Plants, by A. E. White and C. L. 
Clark 

Notes on the Measurement of Cylinder Power 
of High-Speed Steam Passenger Locomo 
tives—Apparatus and Methods, by L. K. 
Botteron 

Train Acceleration and Braking, by R. C. 
Jones 

Thermodynamic Properties of Vapors, by E. F. 
Leib 














Necrology 





HE deaths of the following members have 
recently been reported to the Society: 


Burns, A. L., January 14, 1941 

Butters, Roy W., January 1, 1941 
CampseLi, Cuares A., September 4, 1940 
Rataiczak, THomas F., October, 1940 
Sumner, Exsor, January 29, 1941 
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